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FOREWORD 


This  report  is  an  adjunct  to  IHTRs  2269  and  2373,  which  addressed  the  explosive  contamination  levels  to 
which  surfaces  needed  to  be  cleaned  before  being  released  for  unrestricted  use  per  DOD  Instruction  6055.1.  This 
report  also  discusses  three  additional  energetic  materials:  ammonium  picrate,  nitranol,  and  nitroglycerin.  Also,  a 
new  substrate,  a  transite  simulant,  was  added  to  the  matrix.  This  report  also  incorporates  the  findings  from  IHTRs 
2269  and  2373. 

The  work  reported  herein  was  performed  at  the  Indian  Head  Division,  Naval  Surface  Warfare  Center, 
Indian  Head,  MD. 


Joseph  D.  Anderson 

Manager,  Facilities  Modernization  Branch 


Approved  by: 


Raymond  A.  Geckle 

Director,  Casts  Products  Technology  Division 


Released  by: 


John  Brough 

Head,  Applied  Technology  Department 
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EXECUTIVE  SUMMARY 


The  purpose  of  this  study  is  to  establish  the  nonreactivity  levels  for  various  explosive  substances  on  wood, 
steel,  transite,  and  concrete.  The  nonreactivity  level  is  the  maximum  concentration  of  a  particular  explosive  on  a 
surface  that  does  not  result  in  a  reaction  when  tested  on  a  friction,  impact,  and  electro-static  discharge  machines. 

Various  concentrations  of  different  explosive  substances  were  placed  on  surfaces  of  wood,  concrete, 
transite  simulant,  and  steel  and  subjected  to  standard  sensitivity  tests. 

The  explosives  were  ammonium  perchlorate,  cyclotrimethylenetrinitramine,  trinitrotoluene,  cyclotetra- 
methylene-tetranitramine,  triaminotrinitrobenzene,  high  bulk-density  nitroguanidine,  nitrocellulose,  trinitro- 
phenylmethylnitramine,  ammonium  picrate,  nitranol,  and  nitroglycerin. 

Testing  began  at  750  micrograms  per  square  centimeter  (pg/cm^)  contamination  levels.  This  contamination 
level  is  easily  achieved  by  conventional  cleaning  methods.  If  no  reaction  was  observed  at  750  pg/cm^,  no  further 
testing  was  performed  and  750  pg/cm^  was  reported  as  the  nonreactivity  level. 

The  nonreactivity  levels  for  friction  on  transite  and  wood  for  all  explosives  was  750  pg/cm^  and  also  for  all 
explosives  on  concrete  except  ammonium  perchlorate,  cyclotrimethylenetrinitramine  and  trinitrotoluene,  where 
the  nonreactivity  level  was  reached  at  200  pg/cm^.  The  nonreactivity  level  on  steel  was  500  pg/cm^  for 
ammonium  picrate,  high  bulk-density  nitroguanidine,  nitrocellulose,  nitranol  and  triamino-trinitrobenzene; 
200  pg/cm^  for  ammonium  perchlorate  and  trinitrotoluene;  100  pg/cm^  for  cyclotetramethylene-tetranitramine; 
75  pg/cm^  for  cyclotrimethylenetrinitramine  and  tetryl;  and  25  pg/cm^  for  nitroglycerin. 

The  nonreactivity  levels  for  impact  were  established  at  750  pg/cm^  for  all  explosives  on  transite,  wood, 
concrete,  and  steel  except  for  nitrocellulose  (500  pg/cm^)  and  nitroglycerin  (25pg/cm2),  respectively. 

Electrostatic  discharge  testing  was  only  performed  on  steel  surfaces  and  reactions  were  observed  for  all 
concentrations  of  explosives. 
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DEFINITIONS 


Allegheny  Ballistic  Laboratories,  manufacturers  of  the  friction  and  electrostatic  discharge  test 
equipment. 

Ammonium  picrate  (NH4C6H2(N02)30).  A  yellow  crystalline  compound,  highly  explosive. 
Class  1  Division  1  mass  detonating  explosive. 

Ammonium  perchlorate  (NH4CIO4),  an  oxidizing  agent.  White  crystals  in  its  granular  form. 
When  processed  to  less  than  1 5  microns  in  size  a  Class  1  Division  1  (mass  detonating)  explosive. 

Centimeter 

Electrostatic  discharge.  In  reference  to  test  equipment  that  produces  an  electrical  charge  with  a 
fixed  voltage  and  variable  capacitance  in  an  electrical  circuit. 

Grams 

High  bulk-density  nitroguanidine  (H2NC(NH)NHN02).  A  yellow  solid  soluble  in  alcohol. 
Class  1  Division  1  explosive. 

Cyclotetramethylene-tetranitramine.  White  crystalline  compound.  Very  powerful  explosive. 
Class  1  Division  1. 

Joule,  a  unit  of  measure  for  work  or  energy. 

Kilo,  symbol  used  to  designate  a  value  of  10^. 

Liter 

Micro,  symbol  used  to  designate  a  value  of  10“^. 

Milli,  symbol  used  to  designate  a  value  of  1 0“^ . 

Millimeter 

Nitrocellulose  (C6H705(N02)3).  A  cotton-like  or  pulp-like  material  of  approximately  12.5  to 
13.5%  nitrogen  used  for  explosives. 

Nitroglycerine  (CH2NO3CHNO3CH2NO3 ).  A  pale  yellow,  thick,  flammable  explosive  liquid. 

A  combination  of  trimethylolethantrinitrate,  triethylene  glycol  dinitrate,  resorcinol,  and  ethyl 
centralite. 
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NOS 

RDX 

TATB 

Tetryl 

TNT 

V 


Naval  Ordnance  Station  in  Indian  Head,  Maryland,  recently  renamed  as  the  Indian  Head  Division, 
Naval  Surface  Warfare  Center. 

Cyclotrimethylenetrinitramine  ((CH2)3N3(N02)3).  White  crystalline  compound.  Very  powerful 
explosive.  Class  1  Division  1 . 

Triaminotrinitrobenzene 

Common  commercial  name  for  trinitrophenylmethylnitramine.  Yellow  crystalline  Class  1 
Division  1  explosive. 

Trinitrotoluene  (CH3C6H2(N02)3).  A  class  1  Division  1  explosive. 

Volts 
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1.0  BACKGROUND 


The  downsizing  and  closing  of  military  facilities  has  generated  the  need  to  eliminate  potential  explosive 
hazards  from  facilities  and  equipment  previously  used  to  process  energetic  materials.  Testing  for  contamination 
levels  is  an  established  practice;  however,  there  are  no  established  criteria  for  safe  and  acceptable  levels  of 
contamination  of  facilities. 

Small-scale  sensitivity  testing  was  performed  to  establish  levels  of  contamination  with  appropriate  safety 
factors  that  could  be  shown  not  to  exhibit  reactions  to  normally  executed  construction  practices,  such  as 
equipment  installation  and  facility  remodeling.  Wood,  concrete,  metal,  and  transite  simulant  anvils  and  plates 
were  prepared  for  use  in  the  sensitivity  testing  equipment  and  then  coated  with  a  quantifiable  amount  of 
contaminant  on  the  testing  surface.  These  plates  and  anvils  were  then  subjected  to  impact,  friction,  and 
electrostatic  discharge  (BSD)  sensitivity  testing,  and  observed  for  reactions  to  the  stimuli. 

Two  phases  of  testing  have  been  completed  and  reported  previously.  The  first  phase  was  documented  in 
Indian  Head  Technical  Report  (IHTR)  2269,  Naval  Surface  Warfare  Center,  30  June  2000,  Sensitivity  Testing  of 
Contaminated  Surfaces  to  Establish  Nonreactivity  Levels  of  Ammonium  Perchlorate,  Cyclotrimethylene- 
trinitramine,  and  Trinitrotoluene  on  Wood,  Concrete,  and  Metal  and  nonreactivity  levels  were  established  for 
these  materials  on  the  particular  substrates.  The  report  is  provided  as  Appendix  A. 

The  second  phase  increased  the  number  of  contaminants  by  including  HMX,  TATB,  HBNQ,  NC,  and  tetryl 
and  was  reported  in  IHTR  2373,  Naval  Surface  Warfare  Center,  31  Aug  2001,  Sensitivity  Testing  of 
Contaminated  Surfaces  to  Establish  Nonreactivity  Levels  of  HMX,  TATB,  HBNQ,  NC,  and  Tetryl  on  Wood, 
Concrete,  and  Metal.  The  report  is  provided  as  Appendix  B. 

This  report  covers  the  third  phase  that  is  intended  to  increase  the  database  by  adding  the  contaminants 
ammonium  picrate,  nitranol,  and  nitroglycerin  (NG).  A  new  substrate,  a  transite  simulant,  was  also  added  to  the 
test  matrix.  Transite  is  a  common  asbestos  found  in  materials  in  buildings  over  30  years  old.  Because  of  the 
hazards  associated  with  asbestos,  a  simulant  was  identified  whose  mechanical  properties  closely  resemble  transite. 
Testing  on  the  transite  simulant  includes  analytes  from  the  previous  two  phases  in  addition  to  the  analytes  tested 
in  Phase  III.  The  test  plan  for  this  third  phase  can  be  viewed  in  Appendix  C.  Also  included  in  Phase  III  were 
uniformity  of  contamination  and  control  tests.  These  additional  tests  were  used  to  determine  whether  the 
contamination  process  created  a  uniform  concentration  across  the  test  surface  of  the  friction  plates  and  whether 
transportation  and  handling  of  the  plates  and  anvils  affected  the  concentration  of  the  contaminants  on  the  surface 
of  the  substrate. 

This  report  presents  the  conclusions  from  the  third  phase  of  testing  and  incorporates  the  findings  from  the 
previous  reports  into  this  report. 
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2.0  TEST  DESCRIPTIONS 


The  following  are  general  descriptions  of  the  preparation  and  testing  performed  in  the  third  phase. 


2.1  Anvil  and  Plate  Preparation 

The  contamination  area  of  the  friction  plate  was  marked.  The  entire  surface  area  of  the  impact  and  BSD 
anvils  was  used.  The  explosive  to  be  tested  was  dissolved  in  an  appropriate  solvent.  The  quantity  of  solution 
necessary  to  obtain  the  desired  contamination  level  was  then  calculated  and  this  amount  placed  uniformly  over  the 
surface  of  the  test  item. 

When  dry,  the  test  items  underwent  impact,  friction,  and  BSD  testing  to  determine  at  what  concentration 
there  was  a  reaction,  thus  allowing  a  nonreactivity  level  to  be  assigned.  The  detailed  method  for  spiking  plates 
and  anvils  can  be  found  in  Appendix  D. 


2.2  Controls 

Control  plates  and  anvils  were  contaminated  with  various  concentrations  of  contaminants  at  the  same  time 
as  the  test  samples.  They  accompanied  the  test  samples,  but  testing  was  not  performed.  These  controls  were  then 
returned  to  the  analytical  laboratory  to  have  quantitative  analysis  performed  to  check  the  contamination  level.  The 
analysis  was  to  determine  whether  the  degradation  of  the  sample  concentration  was  affected  by  handling. 
Additionally,  five  friction  plates  were  used  to  validate  the  uniformity  of  the  contamination,  two  in  the  red  dye  test 
and  three  in  the  mask  extraction  test.  Two  metal  friction  plates  were  sent  to  the  analytical  laboratory  to  be 
contaminated  at  200pg/cm2,  and  750pg/cm2  HMX  levels.  Red  dye  was  added  to  the  solution  to  help  visualize  the 
uniformity  of  the  contaminants.  Three  metal  friction  plates  were  sent  to  the  analytical  laboratory  to  be 
contaminated  with  HMX  at  SOpg/cm^,  lOOpg/cm^,  and  500pg/cm^  levels.  These  plates  were  then  tested  for 
uniformity  of  contamination  in  different  areas  of  the  plate.  A  mask  consisting  of  five  1/2-inch  circles  were  placed 
on  the  plates  and  the  contamination  contained  in  the  circle  was  removed  from  each  test  circle  using  swabs 
saturated  with  acetonitrile,  a  solvent  capable  of  removing  the  HMX.  The  extractions  were  then  analyzed  for 
contaminant  concentration.  The  result  of  extractions  from  the  five  different  locations  on  each  plate  was  then 
compared  to  determine  uniformity.  The  extraction  and  analysis  methods  for  the  control  plates  can  be  found  in 
Appendix  B. 


2.3  Impact,  Friction,  and  ESD  Testing 

When  contaminated  with  the  appropriate  contaminant  at  the  proper  level  on  the  assigned  substrate,  the 
samples  were  sent  to  the  sensitivity  laboratory  to  undergo  impact,  friction  and  BSD  testing.  Testing  set  up  and 
methodology  can  be  found  in  Appendix  B. 
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3.0  DISCUSSION  OF  RESULTS 


The  results  presented  here  include  the  information  gathered  and  previously  reported  in  IHTRs  2269  and 
2373,  which  are  included  as  Appendices  A  and  B,  Phases  1  and  2,  as  well  as  the  results  from  Phase  3.  The  test 
results  from  Phase  3  can  be  found  in  Appendix  F. 

Testing  was  started  at  750  pg/cm^  contamination  levels.  This  level  is  easily  achieved  by  conventional 
cleaning  methods.  If  no  reaction  was  seen  at  750  pg/cm^,  no  further  testing  was  performed  and  750  pg/cm^  was 
reported  as  the  nonreactivity  level. 


3.1  Friction  Test 

The  nonreactivity  values  for  the  friction  tests  are  summarized  in  Table  I.  These  are  the  highest 
concentrations  tested  that  did  not  have  a  reaction. 


Table  I.  Nonreactivity  Levels  for  Friction  Tests 


Substrate 

contaminant 

On  steei 
concentration 
{pg/cm2) 

On  transite 
concentration 
(pg/cm^) 

On  wood 
concentration 
(pg/cm2) 

On  concrete 
concentration 
(pg/cm^) 

Ammonium  picrate 

500 

750 

750 

750 

AP 

200 

750 

750 

200 

HBNQ 

500 

750 

750 

750 

HMX 

750 

750 

750 

750 

NC 

500 

750 

750 

750 

NG 

25 

750 

750 

750 

Nitranoi 

500 

750 

750 

750 

RDX 

750 

750 

750 

200 

TATB 

500 

750 

750 

750 

TETRYL 

750 

750 

750 

750 

TNT 

200 

750 

750 

200 

3.2  Impact  test 

The  nonreactivity  levels  for  the  impact  test  are  shown  in  Table  II.  The  nonreactivity  level  is  the  highest 
concentration  that  did  not  achieve  a  reaction  when  subjected  to  the  impact  test.  The  only  reactions  that  occurred 
during  impact  testing  were  with  NC  on  steel  at  the  750  pg/cm^  level  and  NG  on  steel  at  the  50  pg/cm^  level. 
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Table  II.  Nonreactivity  Levels  for  Impact 


Substrate 

contaminant 

On  steei 

concentration 

(pg/cm^) 

On  transite 

concentration 

(pg/cm") 

On  wood 

concentration 

(pg/cm^) 

On  concrete 

concentration 

(pg/cm") 

Ammonium  picrate 

500 

750 

750 

750 

AP 

750 

750 

750 

750 

HBNQ 

750 

750 

750 

750 

HMX 

750 

750 

750 

750 

NC 

500 

750 

750 

750 

NG 

25 

500 

750 

750 

Nitranoi 

500 

750 

750 

750 

RDX 

500 

750 

750 

750 

TATB 

750 

750 

750 

750 

TETRYL 

750 

750 

750 

750 

TNT 

750 

750 

750 

750 

3.3  ESD  Test  Results 

Table  III  contains  the  results  of  ESD  testing.  A  reaction  was  observed  for  every  sample  at  all  levels. 
However,  the  reactions  were  localized  since  the  material  around  the  strike  zone  was  consumed  but  the  rest  of  the 
sample  was  intact.  For  a  detailed  discussion  on  this  topic,  see  page  7  of  Appendix  A  (IHTR  2269).  In  that  report, 
both  fired  and  unfired  samples  were  evaluated  by  Fourier  transform  infrared  microscopy  (FTIR)  and  scanning 
electron  microscope. 


Table  III.  ESD  Test  Results 


Contaminant 

Substrate 

Phase  i 
contamination 
concentration 
(pg/cm") 

Phase  ii 
contamination 
concentration 
(pg/cm^) 

Phase  iil 
contamination 
concentration 
(pg/cm^) 

Resuit 

Ammonium  picrate 

Steei 

50,  75,  100 

Reactions  at  aii  ieveis 

AP 

Steei 

50,  75,  100,  200 

Reactions  at  aii  ieveis 

HBNQ 

Steei 

50,  75,  100 

Reactions  at  aii  ieveis 

HMX 

Steei 

50,  75,  100 

Reactions  at  aii  ieveis 

NC 

Steei 

50,  75,  100 

Reactions  at  aii  ieveis 

NG 

Steei 

50,  75,  100 

Reactions  at  aii  ieveis 

Nitranoi 

Steei 

50,  75,  100 

Reactions  at  aii  ieveis 

RDX 

Steei 

50,  75,  100,  200 

Reactions  at  aii  ieveis 

TATB 

Steei 

50,  75,  100 

Reactions  at  aii  ieveis 

TETRYL 

Steei 

50,  75,  100 

Reactions  at  aii  ieveis 

TNT 

Steei 

50,  75,  100,  200 

Reactions  at  aii  ieveis 
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3.4  Controls  Test  Results 

3.4.1  Uniformity,  Red  Dye  Test 

The  two  metal  friction  plates  that  were  contaminated  with  red  dye  and  HMX  were  inspected  visually.  The 
plates  appeared  to  have  differences  in  coloration  across  the  plate  surface.  This  observation  would  tend  to  indicate 
a  variation  in  the  concentration  levels  on  the  surface.  Figure  1  shows  the  contamination  process. 


Figure  1.  HMX  Contamination  with  Red  Dye 


3.4.2  Uniformity  Mask  Extraction  Test 

The  three  metal  friction  plates  contaminated  with  FIMX  at  50,  100,  and  500  pg/cm^  levels  were  evaluated 
for  uniformity  of  contamination.  After  analysis  of  the  plates,  it  was  observed  that  they  were  not  contaminated  to 
the  stated  levels.  A  review  of  the  calculations  performed  to  determine  concentration  indicated  a  mathematical 
error.  Based  on  the  discovery  that  the  masked  extraction  plates  were  inaccurately  contaminated,  new  plates  and 
anvils  were  prepared  and  the  nonreactivity  levels  from  previous  testing  were  validated.  All  nonreactivity  values 
reported  in  the  tables  above  were  from  the  new  set  of  data. 

A  decision  was  made  to  continue  with  the  mask  extraction  test  on  the  original  plates.  The  actual 
contamination  levels  on  the  plates  were  calculated  to  be  5.4,  1 1  and  54  pg/cm^.  Another  deviation  from  the  test 
plan  was  the  number  of  swabs  used  to  extract  the  contaminant  at  each  location.  The  test  plan  required  three  swabs, 
but  was  changed  to  four  swabs  after  results  of  an  extraction  experiment  showed  better  recovery  with  four  swabs. 
In  addition  the  acetonitrile  saturated  swabs  were  blotted  on  a  clean  kimwipe  to  remove  excess  solvent  prior  to  use. 

The  plates  were  visually  inspected  and  analyzed  by  imaging  software  to  map  the  contaminated  surface  of 
the  plate. 
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The  results  of  the  study  showed  that  the  surface  area  was  not  uniformly  contaminated  but  rather  there  were 
pockets  of  high  concentrations  of  contaminants  along  with  areas  that  were  not  contaminated  at  levels  required. 
Figure  2  is  a  diagram  showing  where  the  plates  were  sampled.  The  sample  locations  on  the  plates  contaminated 
at  the  1 1  and  5.4  pg/cm^  levels  are  indicated  by  the  red  circles.  Furthermore,  the  visible  contamination  area  is 
outlined  in  blue.  The  average  value  for  the  1  Ipg/cm^  level  plate  is  16.6  pg/cm^  with  a  standard  deviation  of  3.7. 
The  average  value  for  the  5.4  pg/cm^  level  plate  is  7.2  pg/cm^  with  a  standard  deviation  of  2.1. 

The  detailed  report  of  the  uniformity  study  can  be  found  in  Appendix  G. 


#1-13  ug/cm^ 

#2-18  ug/cm^ 
#3-22  ug/cm^ 

#4-18  ug/cm^ 

#5-12  ug/cm^ 


8  ug/cm^ 

9  ug/cm^ 
3  ug/cm^ 


Figure  2.  Uniformity  Vaiidation  Extraction  Resuits 


3.4.3  Contamination  Recovery  Test 

Control  samples  accompanied  the  test  samples  to  determine  whether  transportation,  or  handling  had  an 
effect  on  the  concentration  of  contamination  on  the  plates  and  anvils.  When  back  in  the  lab,  the  test  samples  were 
placed  in  a  pan  with  a  particular  solvent  and  gently  agitated  by  hand.  Then  the  explosive  was  extracted.  Table  IV 
shows  the  contaminant  and  the  solvent  used  for  the  extraction.  Table  V  provides  the  extraction  results. 


Tabie  iV.  Contaminants  and  Soivents  Used  for  Extraction 


Explosive 

Solvent 

Explosive 

Solvent 

TATB 

Dimethyl-formamide 

NC 

Tetrahydofuran 

AP 

Water 

HMX 

Acetonitrile 

Nitranol 

Acetonitrile 

RDX 

Acetonitrile 

Picrate 

Water 

TNT 

Acetonitrile 

Tetryl 

NG 

Acetonitrile 

Acetonitrile 

HBNQ 

Water 
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Table  V.  Percent  Recovery  from  Extractions 


Explosive 

Test  material 

Spike 

(ug/cm2) 

Recovery 

(%) 

Tetryl 

Cement  anvil 

200 

5 

Tetryl 

Resin  anvil 

500 

3 

Tetryl 

Cement  plate 

500 

3 

Tetryl 

Resin  plate 

500 

6.5 

HBNQ 

Cement  anvil 

500 

ND 

HBNQ 

Resin  plate 

200 

15.5 

HBNQ 

Cement  plate 

286 

ND 

AP 

Resin  plate 

750 

23 

Nitranol 

ESD  anvil 

75 

ND 

Nitranol 

Wood  anvil 

200 

<  5 

Nitranol 

Resin  anvil 

500 

<  5 

Nitranol 

Cement  anvil 

200 

<5 

Nitranol 

Metal  anvil 

200 

ND 

Nitranol 

Metal  plate 

500 

ND 

Nitranol 

Wood  plate 

500 

<  5 

Nitranol 

Cement  plate 

500 

<  5 

Nitranol 

Resin  plate 

500 

<  5 

NC 

Resin  plate 

750 

Interference 

NC 

Cement  plate 

750 

Interference 

NC 

Cement  anvil 

200 

Interference 

HMX 

Cement  anvil 

750 

52 

HMX 

Cement  anvil 

500 

15 

HMX 

Cement  plate 

500 

5 

HMX 

Cement  plate 

500 

18 

TNT 

Resin  plate 

200 

3 

NG 

ESD  anvil 

50 

ND 

NG 

Cement  plate 

200 

1 

NG 

Wood  plate 

500 

42.4 

NG 

Metal  plate 

500 

ND 

NG 

Resin  plate 

500 

ND 

NG 

Cement  plate 

500 

ND 

Explosive  D 

Wood  plate 

200 

38 

Explosive  D 

Resin  plate 

200 

8.6 

Explosive  D 

Cement  plate 

200 

132 

Explosive  D 

Metal  plate 

200 

12 

Explosive  D 

Resin  anvil 

200 

103 

Explosive  D 

Wood  anvil 

500 

14 

Explosive  D 

Cement  anvil 

500 

65 

Explosive  D 

Metal  anvil 

200 

125 
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Recovery  rates  from  the  control  samples  were  low.  One  explanation  for  such  recovery  rates  in  the  case  of 
wood  and  concrete,  is  that  the  material  simply  soaked  in  and  would  not  extract  in  solution.  On  the  wood  friction 
plates  the  contaminant  can  still  be  observed  soaked  into  the  wood. 

The  control  samples  were  extracted  after  the  entire  study  was  completed.  This  was  several  weeks  after  the 
initial  contamination  was  performed.  In  that  time,  the  plates  and  anvils  were  moved  to  various  locations  for 
storage.  Of  the  harder,  less  porous  materials,  the  low  extractions  could  have  been  the  result  of  the  continuous 
handling  knocking  off  the  contaminants  and/or  evaporation  of  the  subject  contaminants  due  to  high  volatilities. 

A  closer  look  at  evaporation  rates  of  the  contaminants  was  performed.  NG  has  a  high  evaporation  rate  and  it 
was  determined  that  much  of  the  contamination  had  evaporated  over  time,  thus  giving  higher  nonreactivity  levels 
than  expected.  The  nonreactivity  rate  was  initially  for  friction  established  for  NG  at  100  ug/cm^  but  after  strictly 
controlling  the  exposure  time  of  the  sample,  the  nonreactivity  level  was  reduced  to  25  ug/cm^. 
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4.0  DISCUSSION 


Based  on  the  discovery  that  the  masked  extraction  plates  were  inaccurately  contaminated  and  on  the  poor 
recovery  rates  from  the  control  samples,  new  steel  plates  and  steel  anvils  were  prepared.  All  calculations  for  the 
new  plates  and  anvils  were  checked  for  accuracy  prior  to  contaminating  the  anvils  and  plates.  All  weight  and 
volumetric  data  were  cross-verified.  The  nonreactivity  levels  for  the  steel  substrate  from  previous  testing  were  all 
retested  and  validated.  All  steel  substrate  nonreactivity  values  reported  in  the  tables  above  were  from  the  new  set 
of  data. 

Based  on  data  from  the  uniformity  study  the  samples  tested  did  not  contain  a  uniform  concentration  of 
contamination.  There  were  “hot”  spots  and  “cold”  spots.  This  means  that  some  of  the  friction  tests  may  have 
occurred  in  a  location  of  minimal  contamination  but  others  had  to  have  occurred  in  areas  of  maximum 
concentration.  A  look  at  the  picture,  Figure  3,  shows  that  the  entire  area  of  the  plate  has  been  tested  in  the  20  shots 
of  friction  testing  and  thus  the  maximum  concentration  areas  were  subjected  to  testing. 


Figure  3.  Friction  Piates 
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EXECUTIVE  SUMMARY 


This  report  documents  the  efforts  pursued  to  identify  levels  of  contamination  in  which  no 
detectable  evidence  of  reaction  was  observed  using  standard  sensitivity  testing  methodology.  The  testing 
is  necessary  to  establish  a  safe  and  acceptable  level  of  contamination  of  facilities  previously  used  to 
process  and  manufacture  pyrotechnics,  explosives,  and  propellants. 

Standardized  small-scale  sensitivity  tests — impact,  friction,  and  electrostatic  discharge — were 
conducted  on  contaminated  surfaces.  Wood,  concrete,  and  metal  surfaces  were  contaminated  with 
ammonium  perchlorate  (AP),  cyclotrimethylenetrinitramine  (RDX),  and  trinitrotoluene  (TNT)  at 
quantifiable  levels  and  observed  for  reactions  to  the  testing  stimuli. 

Impact  testing  reached  the  500-pg/cm  contamination  level  with  no  reactions  for  all  testing 
surfaces  with  the  three  contaminants. 

Friction  testing  reached  the  500-pg/cm  contamination  level  with  no  reactions  for  wood  surfaces 
for  the  three  contaminants.  Testing  was  not  performed  at  higher  levels  for  the  impact  and  the  wood 
surface  friction  tests  because  conventional  decontamination  efforts  can  easily  achieve  these  levels. 

Friction  testing  produced  reactions  at  the  500-pg/cm  contamination  level  for  AP-,  RDX-,  and 
TNT-contaminated  concrete  and  AP-  and  TNT-contaminated  metal  surfaces.  No  reactions  were 
observed  at  the  200-pg/cm  contamination  level  for  these  surfaces. 

Friction  testing  produced  reactions  at  the  100-pg/cm  contamination  level  for  the  RDX- 
contaminated  metal  surface.  No  reactions  were  observed  at  the  75-pg/cm^  contamination  level  for  this 
surface. 

Testing  performed  was  unable  to  determine  a  non-reactivity  level  for  electrostatic  discharge 
stimuli.  Reactions  were  observed  at  all  levels  of  contamination  submitted  for  testing,  the  lowest  level 
being  50  pg/cm^.  The  stimuli  applied  appeared  to  have  caused  a  localized  reaction  but  was  unable  to 
sustain  a  reaction  throughout  the  entire  sample  of  contaminant.  Quantitative  analysis  performed  on  the 
anvils  that  produced  the  positive  reactions  recorded  varying  amounts  of  contaminants  remaining  on  the 
testing  surface. 
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DEFINITIONS 


ABL  Alleghany  Ballistic  Laboratories,  a  subsidiary  of  Hercules  Incorporated. 

Manufacturers  of  the  friction  and  electrostatic  discharge  test  equipment. 

AP  Ammonium  perchlorate  (NH4CIO4).  An  oxidizing  agent.  White  crystals  in  its  granular 

form.  When  processed  to  less  than  15  microns  in  size,  a  Class  1  Division  1  (mass 
detonating)  explosive. 

cm  Centimeter. 

RDX  Cyclotrimethylenetrinitramine  ((CH2)3N3(N02)3).  White  crystalline  compound.  Very 

powerful  explosive.  Class  1  Division  1 . 

BSD  Electrostatic  discharge.  In  reference  to  test  equipment  that  produces  an  electrical 

charge  with  a  fixed  voltage  and  variable  capacitance  in  an  electrical  circuit. 

g  Grams. 

J  Joule,  a  unit  of  measure  for  work  or  energy. 

K  Symbol  used  to  designate  a  value  of  10  . 

L  Liter. 

p  Symbol  used  to  designate  a  value  of  10^^. 

_ o 

m  Symbol  used  to  designate  a  value  of  10  . 

mm  Millimeter. 

NOS  Naval  Ordnance  Station  in  Indian  Head,  Maryland,  recently  renamed  as  Naval  Surface 

Warfare  Center,  Indian  Head  Division. 

TNT  Trinitrotoluene  (CH3C6H2(N02)3).  High  explosive. 

V  Volts. 
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BACKGROUND 


The  downsizing  and  closing  of  military  establishments  have  generated  the  need 
potential  hazards  from  facilities  previously  used  to  process  energetic  materials, 
contamination  levels  is  an  established  practice;  however,  there  are  no  established  criteria 
acceptable  levels  of  contamination  of  facilities. 

To  establish  levels  of  contamination  with  appropriate  safety  factors  that  could  be  shown  not  to 
exhibit  reactions  to  normally  executed  construction  practices,  such  as  equipment  installation  and  facility 
remodeling,  small-scale  sensitivity  testing  was  performed.  Wood,  concrete,  and  metal  anvils  and  plates 
were  prepared  for  use  in  the  sensitivity  testing  equipment  and  then  coated  with  a  quantifiable  amount  of 
contaminant  on  the  testing  surface.  These  plates  and  anvils  were  then  subjected  to  impact,  friction,  and 
electrostatic  discharge  (BSD)  sensitivity  testing  and  observed  for  reactions  to  the  stimuli. 


to  eliminate 
Testing  for 
for  safe  and 
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TEST  SURFACE  PREPARATION 


Manufacturing  drawings  of  the  impact  anvil  and  friction  plate  specified  for  the  NOS  impact  and 
ABL  friction  test  equipment  were  obtained.  The  metal  anvils  and  plates  were  prepared  per  the  drawing 
specifications  (Hercules  Incorporated  drawing  numbers  SE-SK  3810  and  F255-0202  respectively).  The 
wood  anvils  and  plates  were  prepared  with  dimensions  consistent  with  the  drawings.  Figure  1  shows  the 
wooden  and  metal  impact  anvils  prior  to  contamination  and  testing.  Figure  2  shows  the  metal  and 
wooden  friction  plates  prior  to  contamination  and  testing. 


Figure  1.  Wood  and  Metal  Impact  Anvils  Figure  2.  Wood  and  Metal  Friction  Plates 

For  the  concrete  plates  and  anvils,  a  metal  shell  was  manufactured  with  overall  dimensions 
consistent  with  the  manufacturing  drawings,  then  filled  with  concrete  to  provide  the  concrete  testing 
surface.  Figure  3  shows  the  empty  metal  shells  for  the  friction  plate  and  impact  anvils.  Figure  4  shows 
the  metal  shells  filled  with  concrete  prior  to  contamination  and  testing. 


Figure  3.  Metal  Shells  for  Concrete  Friction 
Plate  and  Impact  Anvil 


Figure  4.  Concrete  Friction 
Plate  and  Impact  Anvil 
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No  manufacturing  drawing  exists  for  the  anvils  used  in  the  ABL  BSD  tester.  The  testing  surface  is 
the  top  of  a  1/4-inch-diameter  cylinder  protruding  from  a  base  plate,  which  provides  the  path  to  ground 
for  the  electrical  discharge.  Figure  5  is  a  drawing  of  the  anvil  with  the  testing  surface  indicated.  With 
advice  from  sensitivity  testing  laboratory  personnel  and  machining  experts,  a  base  plate  was  produced 
with  dimensions  consistent  with  an  existing  anvil  and  a  blind  hole  to  facilitate  inserts.  The  inserts  were 
precisely  machined  to  provide  maximum  contact  surface  area  with  the  base  plate.  Figure  6  shows  the 
base  plate  and  inserts  arranged  in  a  holder  prepared  to  be  contaminated.  Wood  and  concrete  lack  the 
ability  to  effectively  conduct  an  electrostatic  charge.  Without  a  path  to  ground,  the  charge  will  not  pass 
through  the  contaminant  on  the  testing  surface  and  no  reactions  would  occur  at  any  contamination  level. 
Therefore,  only  metal  inserts  were  prepared  for  the  BSD  testing. 


Figure  5.  Anvil  Used  on  Electrostatic 
Discharge  Tester 


Figure  6.  Electrostatic  Discharge 
Base  Plate  and  inserts 


Surface  Contamination 

Contamination  of  the  testing  surfaces  was  performed  by  the  Applied  Analytical  Faboratory,  Code 
330,  of  the  Test  and  Bvaluation  Department,  Naval  Surface  Warfare  Center,  Indian  Head  Division.  The 
contaminants  were  deposited  on  the  testing  surfaces  by  drop-wise  addition  of  a  standard  solution  of  the 
materials.  Figure  7  shows  laboratory  personnel  applying  the  calculated  amount  of  standard  solution  to 
the  BSD  inserts  with  a  graduated  pipette.  For  example,  the  laboratory  standard  solution  for 
cyclotrimethylenetrinitramine  (RDX)  is  at  a  concentration  of  1.611  mg/mF.  The  following  is  a  sample 
math  calculation  used  to  determine  how  much  of  the  standard  solution  is  applied  on  an  electrostatic  anvil 
to  achieve  a  contamination  level  of  75  pg/cm^: 

Aanvil  =  =  (3.14159)(0.3175cm)^  =  0.317  cm^ 

Amount  of  contaminant  required  ^  (75  pg/cm  )(0.317  cm  )  =  23.8  pg 
Amount  of  standard  solution  required  (X)  ^  (pF/1.61 1  pg)  =  (X/23.8  pg) 

X  =  (23.8  g/1.611  pg)pF 
X  =  14.77  pF 
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Figure  7.  Electrostatic  Discharge  Anvils  Being  Contaminated 

To  ensure  the  absence  of  breakdown  products,  artifacts  of  manufacture,  or  other  impurities  that 
could  affect  the  results  of  sensitivity  testing,  solutions  of  the  contaminants  were  composed  using  ultra- 
pure  reference  materials. 

All  the  plates  and  anvils  were  labeled  with  a  contaminant  identifier  and  the  level  of  contamination. 
The  sets  of  plates  and  anvils  were  packaged  to  ensure  there  was  no  contact  between  the  testing  surfaces 
and  other  surfaces.  Although  trinitrotoluene  (TNT)  breakdown  at  ambient  conditions  should  be  minimal, 
the  set  contaminated  with  TNT  was  boxed  separately  and  the  container  purged  with  nitrogen  and  sealed 
to  prevent  possible  auto-oxidative  or  photolytic  breakdown  prior  to  testing. 

The  first  set  of  plates  and  anvils  were  contaminated  to  a  level  of  200  pg/cm  .  This  translates  to  a 
total  of  7  mg  of  contaminant  spread  equally  over  an  area  of  10  by  3.5  cm  on  the  friction  plates.  The  area 
of  interest  on  the  friction  plate  was  marked  to  ensure  that  the  material  was  deposited  as  evenly  as 
possible  in  the  defined  area  and  that  the  testing  would  also  be  confined  to  the  contaminated  surface.  A 
total  of  1.5  mg  and  0.06  mg  of  contaminant  was  deposited  over  the  entire  top  surface  of  the  impact  and 
electrostatic  anvils,  respectively,  to  attain  the  contamination  level  of  200  pg/cm^.  Levels  of 
contamination  were  then  either  raised  or  lowered  depending  on  the  testing  results  of  the  200-pg/cm^ 
contamination  level.  Table  I  lists  all  levels  of  contamination  used  and  the  amounts  applied  to  the 
different  testing  surfaces  to  attain  the  specific  level  of  contamination. 


Table  i.  Contaminant  Amount  Applied  to  Testing  Surfaces 


Contamination  level 
(|jg/cm^) 

Impact  anvils 
(surface  area  =  7.54  cm^) 
(mg) 

Friction  plates 
(surface  area=35  cm^) 
(mg) 

Electrostatic  discharge  anvils 
(surface  area=0.317  cm^) 
(mg) 

500 

3.5 

17.5 

Not  tested  at  this  level 

200 

1.4 

7 

0.063 

150 

Not  tested  at  this  level 

5.25 

Not  tested  at  this  level 

100 

Not  tested  at  this  level 

3.5 

0.0315 

75 

Not  tested  at  this  level 

2.63 

0.024 

50 

Not  tested  at  this  level 

1.75 

0.016 
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TEST  DESCRIPTIONS  AND  RESULTS 


Small-scale  safety  testing  was  performed  on  the  wood,  conerete,  and  metal  anvils  and  plates 
contaminated  with  ammonium  perchlorate  (AP),  RDX,  and  TNT  by  the  Explosives  and  Propellants 
Division,  Code  940,  of  the  Patterson  Laboratory  and  Pilot  Plant,  Indian  Head  Division.  Three  tests  were 
performed;  the  NOS  impact  test;  the  ABL  friction  test;  and  the  ABL  ESD  test.  Descriptions  of  the 
equipment  and  specifics  about  the  testing  methods  are  given  in  Appendix  A. 


NOS  Impact  Test 


NOS  impact  testing  was  eonducted  on  impact  anvils  (wood, 
concrete,  and  metal)  eontaminated  at  the  200-  and  500-pg/em^ 
levels.  A  drop  height  of  1,000  mm  (maximum  height  available  on 
the  NOS  impact  tester)  with  a  5-kg  drop  weight  was  used  for  all 
anvils.  The  collision  between  the  5-kg  weight  and  the  anvil  was 
observed  for  any  signs  that  the  contaminant  initiated,  such  as 
smoke,  spark,  flame,  or  odor.  If  any  one  of  these  signs  was 
observed,  a  reaction  (or  fire)  would  be  annotated  on  the  test 
worksheets.  Each  anvil  was  subjected  to  ten  drops  of  the  5-kg 
weight.  No  positive  reactions  were  observed  for  any  material  at  any 
contamination  level.  The  worksheets  with  raw  test  data  for  the 
impact  testing  are  in  Appendix  B.  Higher  levels  of  contamination 
for  impact  testing  were  not  pursued  beeause  conventional  cleaning 
techniques  can  easily  aehieve  levels  of  500  pg/cm^  or  lower. 
Eigure  8  displays  three  of  the  500-pg/em^  contaminated  impact 
anvils  after  testing  was  completed. 


Figure  8.  Impact  Anvils 
After  Testing 


ABL  Friction  Test 


ABL  friction  testing  was  conducted  on  friction  plates  (wood^ 
concrete,  and  metal)  starting  at  a  contamination  level  of  200  pg/em^ 
for  all  three  contaminants.  The  friction  tester  moves  the  plate  under 
a  1-inch  steel  wheel  that  slides  across  the  plate  with  a  variable 
pressure  level.  The  speed  at  which  the  plate  moves  under  the  wheel 
is  also  variable,  but  the  standard  speed  (8  ft/s)  was  used  for  all  the 
friction  plates.  The  pressure  between  the  friction  wheel  and  the 
plate  was  set  at  the  highest  possible  level  (980  psig)  for  the  metal 
friction  plates.  The  pressure  used  for  the  concrete  plates  was  varied 
to  prevent  the  concrete  from  being  destroyed.  Due  to  the  softness  of 
the  wood,  a  maximum  pressure  of  180  psig  was  used  on  those  plates 
to  keep  the  friction  wheel  from  sinking  too  far  into  the  wood.  The 
interaction  between  the  wheel  and  the  plate  was  observed  for  any 
signs  that  the  contaminant  initiated,  such  as  smoke,  spark,  flame,  or 
odor.  If  any  one  of  these  signs  was  observed,  a  reaction  (or  fire) 
would  be  annotated  on  the  test  worksheets.  Eigure  9  shows  three  of 
the  friction  plates  after  testing. 


Figure  9.  Friction  Plates 
After  Testing 
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Contaminated  Wood  Friction  Plates:  The  wood  friction  plates  contaminated  with  AP,  RDX, 
and  TNT  were  tested  at  the  200-  and  500-pg/cm^  levels  of  contamination.  There  were  no  reactions 
observed  with  the  contaminants  on  the  wood  friction  plates  at  either  level.  The  worksheets  with  raw  test 
data  sheets  for  the  wood  friction  plates  can  be  reviewed  in  Appendix  C. 

AP-Contaminated  Concrete  and  Metal  Friction  Plates:  The  AP-contaminated  concrete 
and  metal  friction  plates  did  not  display  any  reactions  at  the  200-pg/cm^  level,  but  positive  reactions 
were  observed  at  the  500-pg/cm^  contamination  level.  The  worksheets  with  raw  test  data  for  the  AP- 
contaminated  concrete  and  metal  friction  plates  can  be  reviewed  in  Appendix  D. 

RDX-Contaminated  Concrete  and  Metal  Friction  Plates:  The  RDX-contaminated  concrete 
friction  plate  did  not  display  any  reaction  at  the  200-pg/cm  level,  but  positive  reactions  were  observed 
at  the  500-pg/cm^  level.  No  iterations  were  done  to  pinpoint  the  maximum  contamination  level  with  no 
positive  reaction  for  the  RDX-contaminated  concrete  friction  plate.  At  the  200-pg/cm^  contamination 
level  the  only  friction  plate  to  show  a  positive  reaction  was  the  metal  plate  contaminated  with  RDX. 
Thus,  the  RDX  level  of  contamination  for  metal  was  reduced  and  retested  at  150,  100,  75,  and  50 
pg/cm^.  Positive  reactions  were  observed  at  the  150-  and  100-pg/cm^  levels  of  RDX  contamination,  but 
no  reaction  were  observed  at  the  75-  or  50-pg/cm^  levels.  The  worksheets  with  raw  test  data  for  the 
friction  testing  of  RDX-contaminated  concrete  and  metal  friction  plates  can  be  reviewed  in  Appendix  E. 

TNT-Contaminated  Concrete  and  Metal  Friction  Plates:  The  TNT-contaminated  concrete 
and  metal  friction  plates  did  not  display  any  reactions  at  the  200-pg/cm^  level,  but  positive  reactions 
were  observed  at  the  500-pg/cm^  contamination  level.  The  worksheets  with  raw  test  data  for  the  TNT- 
contaminated  concrete  and  metal  friction  plates  can  be  reviewed  in  Appendix  F. 


Electrostatic  Discharge  Test 

Electrostatic  discharge  testing  was  performed  on  the  ABE  Model  150  ESD  tester  using  the  base 
plate  and  metal  insert  anvil  described  above.  Figure  10  shows  the  assembled  base  plate  and  insert 
installed  in  the  ESD  tester.  A  fixed  voltage  of  5.785  kV  was  applied  to  the  testing  surface.  The  highest 
available  capacitance  of  8.33  J  was  used  to  complete  the  circuit.  The  anvil  testing  surface  was  observed 
for  any  indications  that  the  contaminant  has  initiated,  i.e.,  any  signs  of  spark,  smoke,  flame,  or  odor.  If 
any  of  these  signs  were  observed,  it  was  considered  a  reaction  and  was  annotated  as  such  on  the  test 
worksheets. 


Figure  10.  Electrostatic  Anvil  in  Tester 
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At  the  200-|jg/cm^  Contamination  Level:  The  AP-contaminated  anvils  had  four  no-reaction 
shots  before  a  positive  reaction  was  observed.  The  RDX-contaminated  anvils  had  five  no-reaction  shots 
before  a  positive  reaction  was  observed.  The  TNT-contaminated  anvils  had  one  no-reaction  shot  before 
a  positive  reaction  was  observed.  The  worksheets  with  raw  test  data  for  the  BSD  testing  are  in 
Appendix  G. 

At  the  100-|jg/cm^  Contamination  Level:  The  AP-contaminated  anvils  had  ten  no-reaction 
shots  before  a  positive  reaction  was  observed.  The  RDX-contaminated  anvils  had  three  no-reaction  shots 
before  a  positive  reaction  was  observed.  The  TNT-contaminated  anvils  had  five  no-reaction  shots  before 
a  positive  reaction  was  observed.  The  worksheets  with  raw  test  data  for  the  BSD  testing  are  in 
Appendix  H. 

At  the  75-|jg/cm^  Contamination  Level:  The  AP-contaminated  anvils  had  zero  no-reaction 
shots  before  a  positive  reaction  was  observed  as  did  the  RDX-contaminated  anvils.  The  TNT- 
contaminated  anvils  had  six  no-reaction  shots  before  a  positive  reaction  was  observed.  The  worksheets 
with  raw  test  data  are  in  Appendix  I. 

At  the  50-|jg/cm^  Contamination  Level:  The  AP-  and  RDX-contaminated  anvils  had  three 
no-reaction  shots  before  a  positive  reaction  was  observed.  The  TNT-contaminated  anvils  had  zero  no¬ 
reaction  shots  before  a  positive  reaction  was  observed.  The  worksheets  with  raw  test  data  are  in 
Appendix  J. 

Characterization  of  Residue  on  ESD  Anvils 

Both  fired  and  unfired  BSD  anvils  were  evaluated  by  Bourier  transform  infrared  (BTIR) 
microscopy  and  scanning  electron  microscopy  to  obtain  a  record  of  the  condition  of  the  surfaces  before 
any  destructive  analyses  were  performed.  Appendix  K  contains  the  scanning  electron  micrographs  of  all 
surfaces  analyzed  by  BTIR.  It  was  observed  by  the  laboratory  personnel  that  material  that  appeared 
unbumed  remained  on  all  fired  anvils. 

The  residual  RDX  and  TNT  on  the  anvils  were  quantitatively  analyzed  for  the  weight  of  energetic 
material  present  on  the  testing  surface  by  high  performance  liquid  chromatography  and  the  residual  AP 
by  ion  chromatography.  No  significance  decrease  was  seen  in  the  relative  amounts  of  TNT  in  the  fired 
versus  unfired  anvils.  The  amounts  of  RDX  and  AP  recovered  from  the  surfaces  of  the  fired  anvils 
varied.  However,  it  is  important  to  note  that  RDX,  TNT,  and  AP  remained  on  all  fired  anvils.  See 
Appendix  B  for  the  test  data  on  amounts  of  energetic  material  recovered  from  both  fired  and  unfired 
anvils. 
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CONCLUSIONS 


2 

Impact  testing  reached  the  500-pg/cm  contamination  level  with  no  reactions  for  all  testing 
surfaces  with  the  three  contaminants. 

Friction  testing  reached  the  500-pg/cm  contamination  level  with  no  reactions  for  wood  surfaces 
for  the  three  contaminants.  Testing  was  not  performed  at  higher  levels  for  the  impact  and  the  wood 
surface  friction  tests  because  conventional  decontamination  efforts  can  easily  achieve  these  levels. 

Friction  testing  produced  reactions  at  the  500-pg/cm  contamination  level  for  AP-,  RDX-,  and 
TNT-contaminated  concrete  and  AP-  and  TNT-contaminated  metal  surfaces.  No  reactions  were 
observed  at  the  200-pg/cm  contamination  level  for  these  surfaces. 

Friction  testing  produced  reactions  at  the  100-pg/cm  contamination  level  for  the  RDX- 
contaminated  metal  surface.  No  reactions  were  observed  at  the  75-pg/cm^  contamination  level  for  this 
surface. 

Testing  performed  was  unable  to  determine  a  non-reactivity  level  for  BSD  stimuli.  Reactions  were 
observed  at  all  levels  of  contamination  submitted  for  testing,  the  lowest  level  being  50  pg/cm^.  The 
stimuli  applied  appeared  to  have  caused  a  localized  reaction  but  was  unable  to  sustain  a  reaction 
throughout  the  entire  sample  of  contaminant.  Quantitative  analysis  performed  on  the  anvils  that 
produced  the  positive  reactions  recorded  varying  amounts  of  contaminants  remaining  on  the  testing 
surface. 
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Appendix  A 

SMALL-SCALE  SAFETY  TESTS 
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Small  Scale  Safety  Tests 

Naval  Surface  Warfare  Center, 
Indian  Head  Division 


Sponsored  by 


Explosives  and  Propellants  Division 

Code  940, 

Patterson  Laboratory  &  Pilot  Plant 


Instructors: 

Philip  Thomas 
Daniel  Remmers 
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Purpose  of  Safety  Testing 


•To  provide  information  about  the  relative 
hazards  of  a  material  before  further  work  is 
done. 

•To  provide  information  that  can  be  used  to 
generate  handling  and  processing 
requirements. 

•  To  obtain  an  official  Interim  Hazard 
Classification  (IHC)  and  Storage 
Compatibility  Code. 
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IMPACT  TESTS 


NOS  Impact  Test:  This  tester  uses  a  5  kg  weight  and 
type  12  tools.  The  Bruceton  up  and  down  method  is 
employed,  yielding  a  50%  drop  height  in  millimeters. 

A  total  of  25  drops  are  used  for  each  test,  and  sample 
size  is  35  mg  per  drop. 


ERL  Bruceton  Impact  Test:  This  tester  was 

developed  in  the  1940s.  It  uses 
a  2.5  kg  weight  and  type  12  tools. 
All  samples,  except  for  those 
containing  AP,  are  placed  on 
sandpaper  for  testing.  A  total  of 
25  drops  are  used  for  each  test, 
and  sample  size  is  35  mg  per  drop. 
A  noise  meter  determines  a 
positive  or  negative  result.  The 
50%  drop  height  is  given  in  centimeters. 


BOE  Impact  Test:  The  Bureau  of  Explosives  impact  test  is  required  for  DOT 
classification.  A  total  of  10  drops  are  used  per  test,  and  samples  are 
10  mg  in  size.  The  drop  height  for  solids  is  4  inches,  and  the  drop 
height  for  liquids  is  10  inches.  A  sample  must  have  less  than  5 
positives  at  the  set  level  in  order  to  pass  the  test. 

I 

j  BIC  Test:  The  Ballistic  Impact  Chamber  test  uses 

j  a  closed  chamber  of  fixed  volume  and  records  the 

pressure  vs.  time  curve  on  an  oscilloscope  as  the 
sample  reacts.  This  is  a  research  tool  which  can 
determine  shock  sensitivity. 
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FRICTION  TESTS 


ABL  Friction 
on  a  steel  plate. 


Test:  TTiis  tester  uses  a  steel  wheel  sliding  1”  across  the  sample 
The  pressure  between  the  wheel  and  plate  is  varied,  using  13 

levels  between  30  and  1000  psig,  and 
the  threshold  initiation  level  (TIL)  is 
determined.  The  threshold  initiation 
level  is  the  level  at  which  20 
negatives  are  observed  with  at  least 
one  positive  at  the  next  higher  level. 
The  speed  of  the  plate  can  be  varied 
from  8  ft/sec  to  1  ft/sec,  however  the 
standard  speed  is  8  ft/sec.  Sample 
size  is  35-45  mg  per  trial. 


BAM  Friction  Test:  This  tester  is  from  Germany  (BAM  stands  for 
Bundesanstalt  fur  Material  Prufung”)  and  is  the  NATO  standard  friction  test. 
It  uses  a  porcelain  peg  sliding 
back  and  forth  1  cm  across 
the  sample  on  a  porcelain 
plate.  The  force  between  the 
peg  and  plate  is  varied 
between  6  and  360  newtons, 
resulting  in  a  TIL  value  with 
10  negatives.  Sample  size  is 
35-45  mg  per  trial. 
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ELECTROSTATIC  DISCHARGE  TEST 


The  ABL  Electrostatic  Discharge  test 
employs  an  approaching  gap  electrode  with 
a  fixed  voltage  of  5.785  kV  and  a  variable 
capacitance.  The  20  TIL  value  is 
determined,  ranging  from  0.0084  to  8.33 
joules.  Sample  size  is  35-45  mg  per  trial. 


THERMAL  TESTS 


DSC  &  TGA:  The  Differential  Scanning  Calorimetry  and  Thermo-Gravimetric 
Analysis  tests  use  a  very  small  sample,  5  mg  or  less,  and  a  programmable  heating 
method  capable  of  temperatures 
ranging  from  ambient  to  500°C. 

The  DSC  measures  heat  flow 
(endotherms  and  exotherms),  and 
the  TGA  measures  weight  loss. 


VTS:  The  Vacuum  Thermal  Stability  test  subjects  a 
0.2  gram  sample  to  100°C  for  48  hours  under  vacuum. 
The  gas  evolved  is  measured  via  a  mercury  column,  and 
is  given  in  cm^/gram/hour.  The  temperature  and 
heating  time  can  be  varied  for  non-standard  tests. 
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SENSITIVTTY  RANGES 


TEST 

HIGH 

MEDIUM 

LOW 

IMPACT: 

NOS  impact,  50%  height  (mm) 

13  -  63 

63  -  398 

398  -  1000 

WO  impact,  50%  height  (cm) 
(ERL  Bruceton  machine) 

5  -  15 

15  -  100 

100  -  320 

SLIDING  FRICTION: 

ABL  friction,  20  TIL  (psig) 

30  or  less 

40  -  420 

560  -  1000 

BAM  friction,  10  TIL  (newtons) 

6-54 

60  -  144 

160-360 

ELECTROSTATIC  DISCHARGE: 
ABL  ESD,  20  TIL  (joules) 

0.0084  -  0.023 

0.037  -  0.853 

1.72  -  8.33 

NOTE:  The  TIL  (Threshold  Initiation  Level)  is  the  level  at  which  10  or  20  negatives 
are  observed  with  at  least  one  positive  at  the  next  higher  level. 
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VTS 

100°C,  48  hrs 
(cc/g) 

1 

CD 

CD 

0.12 

o 

CO 

CD 

1 

! - 

1.57 

0.12 

CO 

CD 

1 

0.12 

0.21 

ESD 

20  TIL 
(joules) 

CO 

o 

o 

CD 

V 

0.037-0.165 

0.095-0.165 

0.023-0.326 

0.037-1.72 

CO 

CO 

CO 

A 

O 

C\J 

CO 

CO 

CO 

CD 

CO 

CO 

CO 

o 

CO 

CO 

cq 

CD 

CM 

r-; 

BAM  Friction 

10  TIL 
(newtons) 

1 

1 

CO 

CD 

CD 

1 

CM 

r-- 

CD 

CO 

1 

CD 

CO 

CM 

1 

CO 

CD 

1 

Tj- 

CVi 

1 

CD 

o 

CD 

CO 

A 

1 

CD 

CO 

ABL  Friction 

20  TIL 

(psig) 

o 

CO 

V 

180-420 

1 

O 

CO 

V 

o 

I 

o 

CO 

V 

o 

CO 

V 

1 

o 

CO 

V 

o 

CO 

CD 

A 

o 

CD 

CO 

in 

WO  Impact 
50%  height 
(cm) 

o 

CM 

CO 

A 

CM 

1 

00 

m 

CM 

1 

CD 

1 

o 

CM 

T — 

1 

r- 

13  (bare  tools) 

CO 

CO 

15  (bare  tools) 

1 

CO 

CM 

CD 

NOS  Impact 
50%  height 
(mm) 

O 

o 

o 

’a 

CO 

CD 

CM 

I 

CO 

CD 

CD 

1 

CD 

CO 

157-162 

5 

1 

CO 

CD 

CO 

CD 

T— 

CD 

CD 

1 

CO 

CD 

230-280 

h- 

CO 

CM 

CM 

CD 

material 

ZIRCONIUM 

X 

Q 

OC 

X 

2 

X 

X 

1 — 
LU 
D- 

o 

CM 

t 

_1 

O 

PBXN-103 

PBXN-110 

PLG/UW-13 

O 

_i 

COMP  A-5 

PBXN-301 
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Important  Issues 

for  Small  Scale  Safety  Tests 

•  Data  must  be  compared  to  that  of  known 
standards— preferably  tested  under  the  same 
conditions. 

•  Small  sample  sizes  provide  only  moderate 
reproducibility. 

•  Tests  do  not  indicate  how  larger  samples  will 
react  under  the  same  conditions. 

•  Test  results  only  assess  the  onset  stimuli,  not 
the  severity  of  the  reaction. 

•  Tests  do  not  determine  whether  a  detonation 
will  occur— you  should  assume  it  will. 
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Appendix  B 

NOS  IMPACT  TEST  RESULTS 
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IHTR  2573 


NOS  IMPACT  TEST 


sample  name:  AP  contaminated  wood 
sample  ID:  j z 

sample  prep:  residue 
requester:  Anne  Caris,  2150K 
operator:  P.  Thomas/T.  Woodland 


date:  6/7/99 
temperature:  19  °C 

relative  humidity:  48  % 

surface:  bare  tools 


height  (mm) 

result 

comments 

-shots  -> 

251 

0 

no  reaction 

501 

0 

no  reaction 

794 

0 

no  reaction 

1000 

0 

no  reaction 

shot  # 

height  (mm) 

result 

comments 

1 

1000 

0 

2 

1000 

0 

3 

1000 

0 

4 

1000 

0 

5 

1000 

0 

6 

1000 

0 

7 

1000 

0 

8 

1000 

0 

9 

1000 

0 

10 

1000 

0 

11 

1000 

12 

0 

no  reactions 

13 

0 

14 

0 

15 

0 

16 

0 

17 

0 

18 

0 

19 

0 

20 

0 

21 

0 

22 

0 

23 

0 

24 

0 

25 

0 

NOS  Impact  tester 
with  type  12  tools, 

5  kg  drop  weight, 
building  888,  room  105 


available 

levels  (mm) 

log  heights 

1000 

3.0 

794 

2.9 

631 

2.8 

501 

2.7 

398 

2.6 

316 

2.5 

251 

2.4 

200 

2.3 

158 

2.2 

126 

2.1 

100 

2.0 

79 

1.9 

63 

1.8 

50 

1-7 

40 

1.6 

32 

1.5 

25 

1.4 

20 

1.3 

16 

1.2 

13 

1.1 

1  =  positive  (fire) 

0  =  negative  (no-fire) 


50%  height  standard  deviation 
>1000  mm  - log  units 
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NOS  IMPACT  TEST 

sample  name:  AP  contaminated  concrete 
sample  ID: 

sample  prep:  residue 
requester:  Anne  Caris,  2150K 
operator:  P.  Thomas/T.  Woodland 

height  (rnm)  result  comments 

pre-shots  ->  25 1 _ 0  no  reaction 

501  0  no  reaction 

794 _ 0  no  reaction 

1000  0  no  reaction 


available 

levels  (rnm) !  log  heights 
1000  ^  3.0 

794  2.9 

631  2.8 

501  2.7 

398  2.6 

316  2.5 

251  2.4 

200 
158 
126 
100 
79 
63 
50 
40 
32 
25 
20 
16 
13 


1  =  positive  (fire) 

0  =  negative  (no-fire) 

50%  height  standard  deviation 
>1000  mm  - log  units 


2.3 
2.2 
2.1 
2.0 
1.9 
1.8 
1.7 
1.6 
1.5 

1.4 
1.3 
1.2 
1.1 


shot  #  height  (mm)  resist  comments 


1 

1000 

0 

2 

1000 

0 

3 

1000 

0 

4 

1000 

0 

5 

1000 

0 

6 

1000 

0 

7 

1000 

0 

8 

1000 

0 

9 

1000 

0 

10 

1000 

0 

11 

1000 

12 

0 

no  reactions 

13 

0 

14 

0 

15 

0 

16 

0 

17 

0 

18 

0 

19 

0 

20 

0 

21 

0 

22 

0 

23 

0 

24 

0 

25 

0 

NOS  Impact  tester 
with  type  12  tools, 

5  kg  drop  weight, 
building  888,  room  105 


date:  6/7/99 
temperature:  19  =C 

relative  humidity:  48  % 

surface:  bare  tools 
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IHTR  2573 


NOS  IMPACT  TEST 


sample  name:  AP  contaminated  steel 
sample  ID: 

sample  prep:  residue 
requester:  Anne  Caris,  2150K 
operator:  P.  Thomas/T.  Woodland 


date:  6/7/99 
temperature:  19  "C 

relative  humidity:  48  % 

surface:  bare  tools 


height  (mm) 

result 

comments 

NOS  Impact  tester 

shots  --> 

1000 

0 

no  reaction 

with  type  12  tools, 

5  kq  drop  weight. 

buiiding  888,  room  105 

avaiiabie 

shot  # 

height  (mm) 

result 

comments 

levels  (mm) 

log  heights 

1 

1000 

0  _ 

1000 

3.0 

2 

1000 

0 

.  . 

794 

2.9 

3 

1000 

0 

631 

2.8 

4 

1000 

0 

501 

2.7 

5 

1000 

.  0 

398 

2.6 

6 

1000 

0 

316 

2.5 

7 

1000 

0 

251 

2.4 

8 

1000 

0 

200 

2.3 

9 

1000 

0 

158 

2.2 

10 

1000 

0 

126 

2.1 

11 

1000 

100 

2.0 

12 

0 

no  reactions 

79 

1.9 

13 

0 

^  . 

63 

1.8 

14 

_ 0__ 

50 

1.7 

15 

0 

40 

1.6 

16 

0 

32 

1.5 

17 

0 

25 

1.4 

18 

0 

20 

1.3 

19 

0 

16 

1.2 

20 

0 

13 

1.1 

21 

0 

22 

0 

23 

0 

24 

0 

1  =  positive  (fire) 

25 

0 

0  =  negative  (no-fire) 

50%  height  standard  deviation 
>1000  mm  - log  units 
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NOS  IMPACT  TEST 


sample  name:  RDX  contaminated  wood 

date;  6/7/99 

sample  ID;  x 

temperature:  19  "C 

sample  prep:  residue 

relative  humidity:  48  % 

requester:  Anne  Caris,  2150K 

surface:  bare  tools 

operator;  P.  Thomas/T.  Woodland 

height  (mm) 

result  comments 

NOS  Impact  tester 

pre-shots  ->  25 1 

0  no  reaction 

with  type  12  tools, 

501 

0  no  reaction 

5  kg  drop  weight. 

794 

0  no  reaction 

building  888,  room  105 

1000 

0  no  reaction 

available 


50%  height  standard  deviation 
>1000  mm  - log  units 
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IHTR  2573 


NOS  IMPACT  TEST 


sample  name:  RDX  contaminated  concrete 
sample  ID:  n. 

sample  prep:  residue 
requester:  Anne  Caris,  2150K 
operator:  P.  ThomasAT.  Woodland 


date:  6/7/99 
temperature:  19  ”C 

relative  humidity:  48  % 

surface;  bare  tools 


shots  -> 

height  (mm) 

result 

comments 

NOS  Impact  tester 
with  type  12  tools, 

5  kg  drop  weight, 
building  888,  room  105 

251 

0 

no  reaction 

501 

0 

no  reaction 

794 

0 

no  reaction 

1000 

0 

no  reaction 

shot  # 

height  (mm) 

result 

comments 

available 

levels  (mm) 

log  heights 

1 

1000 

0  ! 

1000 

3.0 

2 

1000 

0 

794 

2.9 

3 

1000 

0 

631 

2.8 

4 

1000 

0 

501 

2.7 

5 

1000 

0 

398 

2.6 

6 

1000 

0 

316 

2.5 

7 

1000 

0 

251 

2.4 

8 

1000 

0 

200 

2.3 

9 

1000 

0 

158 

2.2 

10 

1000 

0 

126 

2.1 

11 

1000 

100 

2.0 

12 

0 

no  reactions 

79 

1.9 

13 

0 

63 

1.8 

14 

0 

50 

1.7 

15 

0 

40 

1.6 

16 

0 

32 

1.5 

17 

0 

25 

1.4 

18 

0 

20 

1.3 

19 

i  0 

16 

1.2 

20 

0 

13 

1.1 

21 

0 

22 

0 

23 

0 

24 

0 

1  =  positive  (fire) 

25 

0 

0  =  negative  (no-fire) 

50%  height  standard  deviation 
>1000  mm  - log  units 
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NOS  IMPACT  TEST 

sample  name:  RDX  contaminated  steel 
sample  ID: 

sample  prep;  residue 
requester:  Anne  Caris,  2150K 
operator;  P.  Thomas/T.  Woodland 


NOS  Impact  tester 
with  type  12  tools, 

5  kg  drop  weight, 

35  mg  per  drop, 
building  888,  room  105 

available 

levels  (mm)  log  heights 
1000  I  3.0 

794  2.9 

631  2.8 

501  I  2.7 

398  2.6 

316  2.5 

251  2.4 

200  2.3 

158  2.2 

126  2.1 

100  2.0 

79  1.9 

63  !  1.8 

50  1.7 

40  1.6 

32  1.5 

25  1.4 

20  1.3 

16  1.2 

13  1.1 


1  =  positive  (fire) 

0  =  negative  (no-fire) 

50%  height  standard  deviation 
>1000  mm  - log  units 


shot  #  height  (mm)  result  comments 


1 

1000 

0 

2 

1000 

0 

3 

1000 

0 

4 

1000 

0 

5 

1000 

0 

6 

1000 

0 

7 

1000 

0 

8 

1000 

0 

9 

1000 

0 

10 

1000 

0 

11 

1000 

12 

0 

no  reactions 

13 

0 

14 

0 

15 

0 

16 

0 

17 

0 

18 

0 

19 

0 

20 

0 

21 

0 

22 

0 

23 

0 

24 

0 

25 

1  0 

date:  6/7/99 
temperature:  19  X: 

relative  humidity:  48  % 

surface:  bare  tools 
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NOS  IMPACT  TEST 


sample  name:  TNT  contaminated  wood 
sample  ID:  j ^ 

sample  prep:  residue 
requester;  Anne  Caris,  2150K 
operator:  P.  ThomasAT.  Woodland 


date:  6/8/99 
temperature:  19  T) 

relative  humidity:  48  % 

surlace;  bare  tools 


height  (mm) 

result 

comments 

NOS  Impact  tester 

shots  --> 

251 

0 

no  reaction 

with  type  12  tools, 

501 

0 

no  reaction 

5  kg  drop  weight, 

J794_ 

no  reaction 

building  888,  room  105 

1000 

. 

0 

no  reaction 

i 

available 

shot  # 

height  (mm) 

result 

comments 

levels  (mm) 

log  heigh 

1  I 

1000 

0 

1000 

3.0 

_  ^  , 

1000 

794 

2.9 

3 

1000 

0 

631 

2.8 

1000 

0 

501 

2.7 

5 

1000 

0 

398 

2.6 

6 

1000 

0 

316 

2.5 

7 

1000 

0 

251 

2.4 

8 

1000^ 

0_ 

200 

2.3 

9 

1000 

0~^ 

158 

2.2 

10 

1000 

0  _ 

126 

2.1 

11 

1000 

100 

2.0 

12 

0 

no  reactions 

79 

1.9 

13 

63 

1.8 

14 

0 

50 

1.7 

15 

0 

40 

1.6 

16 

0 

32 

1.5 

17 

0 

25 

1.4 

18 

0 

20 

1.3 

_ 19 

0 

i  16 

1.2 

20 

_  (L 

13 

1.1 

0 

22 

0 

23 

0 

24 

0 

1  =  positive  (fire) 

25 

0 

0  =  negative  (no-fire) 

50%  height  standard  dwiation 
>1000  mm  - log  units 
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NOS  IMPACT  TEST 


sample  name:  TNT  contaminated  concrete 
sample  ID: 

sample  prep:  residue 
requester:  Anne  Caris,  2150K 
operator:  P.  Thomas/T.  Woodland 


date:  6/8/99 
temperature:  19  °C 

relative  humidity:  48  % 

surface:  bare  tools 


height  (mm) 

result 

comments 

shots  -> 

251 

0 

no  reaction 

501 

0 

no  reaction 

794 

0 

no  reaction 

1000 

0 

no  reaction 

shot  # 

height  (mm) 

result 

comments 

1 

1000 

0 

2 

1000 

0 

3 

1000 

0 

4 

1000 

0 

1000 

0 

6 

1000 

0 

7 

1000 

0 

8 

1000 

0 

9 

1000 

0 

10 

1000 

0 

11 

1000 

12 

0 

no  reactions 

13 

0 

14 

0 

15 

0 

16 

0 

17 

0 

18 

0 

19 

0 

20 

0 

21 

0 

22 

0 

i 

23 

0 

24 

0 

25 

0 

NOS  Impact  tester 
with  type  12  tools, 

5  kg  drop  weight, 
building  888,  room  105 


available 

levels  (mm) 

log  heights 

1000 

3.0 

794 

2.9 

631 

2.8 

501 

2.7 

398 

2.6 

316 

2.5 

251 

2.4 

200 

2.3 

158 

2.2 

126 

2.1 

100 

2.0 

79 

1.9 

63 

1.8 

50 

1.7 

40 

1.6 

32 

1.5 

25 

1.4 

20 

1.3 

16 

1.2 

13 

1.1 

1  =  positive  (fire) 

0  =  negative  (no-fire) 


50%  height  standard  deviation 
>1000  mm  - log  units 
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IHTR  2573 


NOS  IMPACT  TEST 


sample  name;  TNT  contaminated  steel 
sample  ID:  cv’o  O/c  j  % 
sample  prep:  residue 
requester;  Anne  Caris,  2150K 
operator:  P.  Thomas/T.  Woodland 


height  (mm) 

result 

comments 

shots  -> 

1000 

_ 0_ 

no  reaction 

J 

shot  # 

height  (mm) 

result 

comments 

1 

1000 

0 

2 

1000 

0 

_  3_ 

1000 

0 

4 

1000 

0 

5 

1000 

6 

1000 

0 

7 

1000 

0 

8 

1000 

0 

9 

10 

1000 

0 

1000 

0 

11 

1000 

_ 

_  0 

no  reactions 

13 

0 

14 

L,.  0 

15 

r  0 

16 

0 

17 

0 

■>1 

0  _ 

19 

0 

20 

0 

21 

0 

22 

0 

23 

0 

25 

0 

0 

date:  6/8/99 
temperature:  19  “C 

relative  humidity:  48  % 

surface:  bare  tools 


NOS  Impact  tester 


5  kg  drop  weight, 
building  888,  room  105 


available 

levels  (mm) 

log  heights 

1000 

3.0 

794 

2.9 

631 

2.8 

501 

2.7 

398 

2.6 

316 

2.5 

251 

2.4 

200 

2.3 

158 

2.2 

126 

2.1 

100 

2.0 

79 

1.9 

63 

1.8 

50 

1.7 

40 

1.6 

32 

1.5 

25 

1.4 

20 

1.3 

16 

1.2 

13 

1.1 

1  =  positive  (fire) 

0  =  negative  (no-fire) 


50%  height  standard  deviation 
>1000  mm  - log  units 
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NOS  IMPACT  TEST 


sample  name:  AP  contaminated  wood 
sample  ID:  500  fi,g/cm2 
sample  prep:  residue 
requester:  Anne  Caris,  2150K 
operator:  P.  Thomas/T.  Woodland 


date:  7/22/99 
temperature:  20  °C 

relative  humidity:  50  % 

surface:  bare  tools 


height  (mm)  | 

result 

comments 

shots  ~>  1000  1 

0 

no  reaction 

shot  #  height  (mm) 

result 

comments 

1 

1000 

0 

2 

1000 

0 

3 

1000 

0 

4 

1000 

0 

5 

1000 

0 

6 

1000 

0 

7 

1000 

0 

8 

1000 

0 

9 

1000 

0 

10 

1000 

0 

11 

1000 

12 

0 

no  reactions 

13 

0 

14 

0 

15 

0 

16 

0 

17 

0 

18 

0 

19 

0 

20 

0 

21 

0 

22 

0 

23 

0 

24 

0 

25 

0 

available 


evels  (mm) 

log  heigh 

1000 

3.0 

794 

2.9 

631 

2.8 

501 

2.7 

398 

2.6 

316 

2.5 

251 

2.4 

200 

2.3 

158 

2.2 

126 

2.1 

100 

2.0 

79 

1.9 

63 

1.8 

50 

1.7 

40 

1.6 

32 

1.5 

25 

1.4 

20 

1.3 

16 

1.2 

13 

1.1 

1  =  positive  (fire) 

0  =  negative  (no-fire) 


50%  height  standard  deviation 
>1000  mm  - log  units 
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NOS  IMPACT  TEST 


sample  name:  AP  contaminated  concrete 
sample  ID;  500  p,g/cm2 
sample  prep;  residue 
requester:  Anne  Caris,  2150K 
operator:  P.  Thomas/T.  Woodland 


shots  -> 

shot  # 

height  (mm) 

result 

comments 

1000 

0 

no  reaction 

height  (mm) 

result 

comments 

1 

1000 

0 

2 

1000 

0 

3 

1000 

0 

4 

1000 

0 

5 

1000 

0 

6 

1000 

0 

7 

1000 

0 

8 

1000 

0 

9 

1000 

10 

1000 

0 

11 

1000 

12 

0 

no  reactions 

13 

0 

14 

0 

15 

0 

16 

0 

17 

0 

18 

0 

19 

0 

20 

0 

21 

0 

22 

0 

23 

0 

24 

0 

25 

0 

date:  7/22/99 
temperature:  20  °C 

relative  humidity;  50  % 

surface:  bare  tools 


NOS  Impact  tester 
with  type  12  tools, 

5  kg  drop  weight. 

35  mg  per  drop, 
building  888,  room  105 


available 

levels  (mm) 

log  heights 

1000 

3.0 

794 

2.9 

631 

2.8 

501 

2.7 

398 

2.6 

316 

2.5 

251 

2.4 

200 

2.3 

158 

2.2 

126 

2.1 

100 

2.0 

79 

1.9 

63 

1.8 

50 

1.7 

40 

1.6 

32 

1.5 

25 

1.4 

20 

1.3 

16 

1.2 

13 

1.1 

1  =  positive  (fire) 

0  =  negative  (no-fire) 


50%  height  standard  deviation 
>1000  mm  - iog  units 
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NOS  IMPACT  TEST 


sample  name:  AP  contaminated  steel 
sample  ID;  500  |t.g/cm2 
sample  prep:  residue 
requester:  Anne  Caris,  2150K 
operator:  P.  Thomas/T.  Woodland 


date:  7/22/99 

temperature:  20  “C 

relative  humidity:  50  % 

surface:  bare  tools 


shots  --> 

height  (mm) 

result 

comments 

NOS  Impact  tester 
with  type  12  tools, 

5  kg  drop  weight, 

35  mg  per  drop, 
building  888,  room  105 

1000 

0 

no  reaction 

shot  # 

height  (mm) 

result 

comments 

available 

levels  (mm) 

log  heights 

1 

1000 

0 

1000 

3.0 

2 

1000 

0 

794 

2.9 

3 

1000 

0 

631 

2.8 

4 

1000 

0 

501 

2.7 

5 

1000 

0 

398 

2.6 

6 

1000 

0 

316 

2.5 

7 

1000 

0 

251 

2.4 

8 

1000 

0 

200 

2.3 

9 

1000 

0 

158 

2.2 

10 

1000 

0 

126 

2.1 

11 

1000 

100 

2.0 

12 

0 

no  reactions 

79 

1.9 

13 

0 

63 

1.8 

14 

0 

50 

1.7 

15 

0 

40 

1.6 

16 

0 

32 

1.5 

17 

0 

25 

1.4 

18 

0 

20 

1.3 

19 

0 

16 

1.2 

20 

0 

13 

1.1 

21 

0 

22 

0 

23 

0 

24 

0 

1  =  positive  (fire) 

25 

0 

0  =  negative  (no-fire) 

50%  height  standard  deviation 
>1000  mm  - log  units 
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Copy  of  IHTR  2269 


IHTR  2573 


NOS  IMPACT  TEST 


sample  name:  RDX  contaminated  wood 
sample  ID:  500  |J,g/cm2 
sample  prep:  residue 
requester:  Anne  Caris,  2150K 
operator:  P.  Thomas/T.  Woodland 


pre-shots  -> 


height  (mm) 

result 

comments 

1000 

0 _ 

no  reaction 

date:  7/22/99 
temperature:  20  “C 

relative  humidity:  50  % 

surface:  bare  tools 


NOS  Impact  tester 
with  type  12  tools, 

5  kg  drop  weight, 

35  mg  per  drop, 
building  688,  room  105 

available 


shot  # 

height  (mm) 

result 

comments 

levels  (mm) 

log  heigf 

1 

1000 

0 

1000 

3.0 

2 

1000 

0 

794 

2.9 

3 

1000 

0 

631 

2.8 

4 

1000 

0 

501 

2.7 

5 

1000 

0 

398 

2.6 

6 

1000 

0 

316 

2.5 

7 

1000 

0 

251 

2.4 

8 

1000 

0 

200 

2.3 

9 

1000 

0 

158 

2.2 

10 

1000 

0 

126 

2.1 

11 

1000 

100 

2.0 

12 

0 

no  reactions 

79 

1.9 

13 

0 

63 

1.8 

14 

0 

50 

1.7 

15 

0 

... 

40 

1.6 

16 

0 

32 

1.5 

17 

0 

25 

1.4 

18 

0 

20 

1.3 

19 

0 

16 

1.2 

20 

0 

13 

1.1 

21 

0 

22 

0 

23 

0 

24 

0 

1  =  positive  (fire) 

25 

0 

0  =  negative  (no-fire) 

50%  height  standard  deviation 
>1000  mm  - log  units 
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IHTR  2573 


Copy  of  IHTR  2269 


NOS  IMPACT  TEST 


sample  name:  RDX  contaminated  concrete 
sample  ID:  500  |ig/cm2 
sample  prep:  residue 
requester:  Anne  Caris,  2150K 
operator:  P.  Thomas/T.  Woodland 


date:  7/22/99 
temperature:  20  "C 

relative  humidity:  50  % 

surface:  bare  tools 


pre-shots  -> 


height  (mm) 

result 

comments 

1000 

0 

no  reaction 

NOS  Impact  tester 
with  type  12  tools, 

5  kg  drop  weight, 

35  mg  per  drop, 
building  888,  room  105 


available 


shot  # 

height  (mm) 

result 

comments 

levels  (mm) 

log  heigh 

1 

1000 

0 

1000 

3.0 

2 

1000 

0 

794 

2.9 

3 

1000 

0 

631 

2.8 

4 

1000 

0 

501 

2.7 

5 

1000 

0 

398 

2.6 

6 

1000 

0 

316 

2.5 

7 

1000 

0 

251 

2.4 

8 

1000 

0 

200 

2.3 

9 

1000 

0 

158 

2.2 

10 

1000 

0 

126 

2.1 

11 

1000 

100 

2.0 

12 

0 

no  reactions 

79 

1.9 

13 

0 

63 

1.8 

14 

0 

50 

1.7 

15 

0 

40 

1.6 

16 

0 

32 

1.5 

17 

0 

25 

1.4 

18 

0 

20 

1.3 

19 

0 

16 

1.2 

20 

0 

13 

1.1 

21 

0 

22 

0 

23 

0 

24 

0 

1  =  positive  (fire) 

25 

0 

0  =  negative  (no-fire) 

50%  height  standard  deviation 
>1000  mm  - log  units 
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IHTR  2573 


NOS  IMPACT  TEST 


sample  name:  RDX  contaminated  steel 
sample  ID;  500  |ag/cm2 
sample  prep:  residue 
requester:  Anne  Caris,  2150K 
operator:  P.  Thomas/T.  Woodland 


date:  7/22/99 
temperature:  20  “C 

relative  humidity:  50  % 

surface:  bare  tools 


shots  -> 

height  (mm) 

result 

comments 

1000 

0 

no  reaction 

shot  # 

height  (mm) 

result 

comments 

1 

1000 

0 

2 

1000 

0 

3 

1000 

0 

4 

1000 

0 

5 

1000 

0 

6 

1000 

0 

7 

1000 

0 

8 

1000 

0 

9 

1000 

0 

10 

1000 

0 

11 

1000 

12 

0 

r 

no  reactions 

13 

0 

14 

0 

15 

0 

16 

0 

17 

0 

18 

0 

19 

0 

20 

0 

21 

0 

22 

0 

23 

0 

24 

0 

25 

0 

NOS  Impact  tester 
with  type  12  tools, 

5  kg  drop  weight, 

35  mg  per  drop, 
building  888,  room  105 


available 

levels  (mm) 

log  heights 

1000 

3.0 

794 

2.9 

631 

2.8 

501 

2.7 

398 

2.6 

316 

2.5 

251 

2.4 

200 

2.3 

158 

2.2 

126 

2.1 

100 

2.0 

79 

1.9 

63 

1.8 

50 

1.7 

40 

1.6 

32 

1.5 

25 

1.4 

20 

1.3 

16 

1.2 

13 

1.1 

1  =  positive  (fire) 

0  =  negative  (no-fire) 


50%  height  standard  deviation 
>1000  mm  - log  units 
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IHTR  2573 


Copy  of  IHTR  2269 


NOS  IMPACT  TEST 


sample  name:  TNT  contaminated  wood 
sample  ID;  500  |J,g/cm2 
sample  prep:  residue 
requester:  Anne  Caris,  2150K 
operator:  P.  Thomas/T.  Woodland 


date:  7/22/99 
temperature:  20  "C 

relative  humidity:  50  % 

surface:  bare  tools 


pre-shots  -> 


height  (mm) 

result 

comments 

1000 

0 

no  reaction 

i 

NOS  Impact  tester 
with  type  12  tools, 

5  kg  drop  weight, 

35  mg  per  drop, 
building  888,  room  105 


available 


shot  # 

height  (mm) 

result 

comments 

levels  (mm) 

log  heights 

1 

1000 

0 

1000 

3.0 

2 

1000 

0 

794 

2.9 

3 

1000 

0 

631 

2.8 

4 

1000 

0 

501 

2.7 

5 

1000 

0 

398 

2.6 

6 

1000 

0 

316 

2.5 

7 

1000 

0 

251 

2.4 

8 

1000 

0 

200 

2.3 

9 

1000 

0 

158 

2.2 

10 

1000 

0 

126 

2.1 

11 

1000 

100 

2.0 

12 

0 

no  reactions 

79 

1.9 

13 

0 

63 

1.8 

14 

0 

50 

1.7 

15 

0 

40 

1.6 

16 

0 

32 

1.5 

17 

0 

25 

1.4 

18 

0 

20 

1.3 

19 

0 

16 

1.2 

20 

0 

13 

1.1 

21 

0 

22 

0 

23 

0 

24 

0 

1  =  positive  (fire) 

25 

0 

0  =  negative  (no-fire) 

50%  height  standard  deviation 
>1000  mm  - log  units 
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IHTR  2573 


NOS  IMPACT  TEST 


sample  name:  TNT  contaminated  concrete 
sample  ID:  500  |J.g/cm2 
sample  prep:  residue 
requester:  Anne  Caris,  2150K 
operator:  P.  Thomas/T.  Woodland 


date:  7/22/99 
temperature:  20  =0 

relative  humidity:  50  % 

surface:  bare  tools 


shots  -> 

shot  # 

height  (mm) 

result 

comments 

NOS  Impact  tester 
with  type  12  tools, 

5  kg  drop  weight, 

35  mg  per  drop, 
building  888,  room  105 

1000 

0 

no  reaction 

height  (mm) 

result 

comments 

available 

levels  (mm) 

log  heights 

1 

1000 

0 

1000 

3.0 

2 

1000 

0 

794 

2.9 

3 

1000 

0 

631 

2.8 

4 

1000 

0 

501 

2.7 

5 

1000 

0 

398 

2.6 

6 

1000 

0 

316 

2.5 

7 

1000 

0 

251 

2.4 

8 

1000 

0 

200 

2.3 

9 

1000 

0 

158 

2.2 

10 

1000 

0 

126 

2.1 

11 

1000 

100 

2.0 

12 

0 

no  reactions 

79 

1.9 

13 

0 

63 

1.8 

14 

0 

50 

1.7 

15 

0 

40 

1.6 

16 

0 

32 

1.5 

17 

0 

25 

1.4 

18 

0 

20 

1.3 

19 

0 

16 

1.2 

20 

0 

13 

1.1 

21 

0 

22 

0 

23 

0 

24 

0 

1  =  positive  (fire) 

25 

0 

0  =  negative  (no-fire) 

50%  height  standard  deviation 
>1000  mm  - log  units 
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IHTR  2573 


Copy  of  IHTR  2269 


NOS  IMPACT  TEST 


sample  name:  TNT  contaminated  steel 
sample  ID:  500  |t,g/em2 
sample  prep:  residue 
requester:  Anne  Caris,  2150K 
operator:  P.  Thomas/T.  Woodland 


date:  7/22/99 
temperature:  20  “C 

relative  humidity:  50  % 

surface:  bare  tools 


height  (mm) 

result 

comments 

1000 

0_ 

no  reaction 

NOS  Impact  tester 
with  type  12  tools, 

5  kg  drop  weight, 

35  mg  per  drop, 
building  888,  room  105 


available 


shot  # 

height  (mm) 

result 

comments 

levels  (mm) 

log  heiqh 

1 

1000 

0 

1000 

3.0 

2 

1000 

0 

794 

2,9 

3 

1000 

0 

631 

2.8 

4 

1000 

0 

501 

2.7 

5 

1000 

0 

398 

2.6 

6 

1000 

0 

316 

2.5 

7 

1000 

0 

251 

2.4 

8 

1000 

0 

200 

2.3 

9 

1000 

0 

158 

2.2 

10 

1000 

0 

126 

2.1 

11 

1000 

100 

2.0 

12 

0 

no  reactions 

79 

1.9 

13 

0 

63 

1.8 

14 

0 

50 

1.7 

15 

0 

40 

1.6 

16 

0 

32 

1.5 

17 

0 

25 

1.4 

18 

0 

20 

1.3 

19 

0 

16 

1.2 

20 

0 

13 

1.1 

21 

0 

22 

0  1 

23 

0 

24 

0 

1  =  positive  (fire) 

25 

0 

0  =  negative  (no-fire) 

50%  height  standard  deviation 
>1000  mm  - log  units 
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IHTR  2573 


Appendix  C 

ABL  FRICTION  TEST  RESULTS  FOR 
CONTAMINATED  WOOD  PLATES 
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IHTR  2573 


Copy  of  IHTR  2269 


This  page  intentionally  left  blank. 
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Copy  of  IHTR  2269 


IHTR  2573 


ABL  FRICTION  TEST 


sample  name: 

sample  ID: 
sample  prep: 
requester: 
operator: 


AP  contaminated  wood 
residue 

Anne  Caris,  2150K 
T.  Chesley/T.  Tolson 


date:  6/8/99 


temperature: 
relative  humidity: 


26  "C 
42  % 


psig  123456789  10  11  J2  13  14  15  16  17  18  19  20  commenis 


980 

n 

750 

560 

420 

315 

_ 

235 

180 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

no  reactions 

135 

0 

no  reaction 

100 

0 

no  reaction 

75 

55 

40 

30 

... 

1  —  positive  reaction  (fire)  The  threshold  initiation  level  (TIL)  is  the  level  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  observed  with  at  ieast  one  positive  at  the  next  higher  level. 

Tested  on  ABL  friction  tester;  at  8  ft/sec,  with  steel  wheels 
20  TIL  Friction:  --  psig  and  wood  anvil,  in  building  888  room  104 
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IHTR  2573 


Copy  of  IHTR  2269 


ABL  FRICTION  TEST 


sample  name:  RDX  contaminated  wood 
sample  ID:  j 

sample  prep:  residue 
requester:  Anne  Caris,  2150K 
operator:  T.  Chesley/T.  Tolson 


date: 
temperature: 
relative  humidity; 


6/9/99 

26  “C 
41  % 


psig  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20 _ comments 


980 

n 

750 

560 

420 

'1 

_J 

315 

1 

235 

n 

180 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

no  reactions 

135 

100 

75 

55 

40 

1 

30 

_ 

1  =  positive  reaction  (fire)  the  threshold  initiation  levei  (TIL)  is  the  level  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 


20  TIL  Friction:  -  -  psig 


Tested  on  ABL  friction  tester;  at  8  ft/sec,  with  steel  wheels 
and  wood  anvil,  in  building  888  room  104 


A-56 


Copy  of  IHTR  2269 


IHTR  2573 


ABL  FRICTION  TEST 


sample  name: 

sample  ID: 
sample  prep: 
requester: 
operator: 


TNT  contaminated  wood 
residue 

Anne  Caris,  2150K 
T.  Chesley/T.  Tolson 


date:  6/9/99 


temperature: 
relative  humidity: 


26  <C 
42  % 


psig  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20 _  comments 


980 

n 

750 

-J 

560 

420 

315 

235 

180 

0 

0 

0 

no  reactions 

135 

o 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

no  reactions 

75 

55 

40 

_0 

no  reaction 

30 

1  —  pOSitiv@  rGaction  (fire)  The  threshold  initiation  level  (TIL)  is  the  level  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 


20  TIL  Friction:  --  psig 


Tested  on  ABL  friction  tester;  at  8  ft/sec,  with  steei  wheels 
and  wood  anvii,  in  building  888  room  104 
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IHTR  2573 


Copy  of  IHTR  2269 


ABL  FRICTION  TEST 


sample  name:  AP  contaminated  wood 
sample  ID:  500  |i,g/cm2 
sample  prep:  residue 
requester;  Anne  Caris,  2150K 
operator:  T.  Tolson 


date; 
temperature: 
relative  humidity: 


7/28/99 

26  <C 
42  % 


psig  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  _  comments 


980 

750 

““1 

560 

420 

315 

235 

0 

180 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

no  reactions 

135 

100 

L. 

_ 

75 

55 

L 

r 

40 

30 

L 

L 

1  =  positiv©  reaction  (fire)  The  threshold  initiation  level  (TIL)  is  the  level  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 


20  TIL  Friction:  0  psig 


Tested  on  ABL  friction  tester;  at  8  ft/sec,  with  steei  wheels 
and  steel  anvils,  in  buiiding  888  room  104 
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IHTR  2573 


ABL  FRICTION  TEST 


sample  name;  RDX  contaminated  wood 
sample  ID:  500  |i,g/cm2 
sample  prep;  residue 
requester:  Anne  Caris,  2150K 
operator;  T.  Tolson 


date:  7/28/99 
temperature:  26  “C 

relative  humidity:  42  % 


psig  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  comments 


^80 

r 

750 

560 

420 

315 

235 

180 

_0_ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

no  reactions 

135 

100 

75 

55 

40 

30 

_ 

1  -  positive  reaction  (fire)  The  threshold  initiation  level  (TIL)  is  the  level  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 


20  TIL  Friction:  0  psig 


Tested  on  ABL  friction  tester;  at  8  ft/sec,  with  steel  wheels 
and  steel  anvils,  in  building  888  room  104 


A-59 


IHTR  2573 


Copy  of  IHTR  2269 


ABL  FRICTION  TEST 

sample  name:  TNT  contaminated  wood 
sample  ID:  500^,g/cni2 
sample  prep:  residue 
requester:  Anne  Caris,  2150K 
operator:  T.  Tolson 


date:  7/28/99 
temperature:  26  “C 

relative  humidity:  42  % 


1  positive  reaction  (fire)  The  threshold  initiation  level  (TIL)  is  the  level  at  which  20  negatives 

0  -  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 

Tested  on  ABL  friction  tester;  at  8  ft/sec,  with  steel  wheels 
L  Friction.  0  psig  and  steel  anvils,  in  building  888  room  104 
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IHTR  2573 


Appendix  D 

ABL  FRICTION  TEST  RESULTS  FOR 
AP-CONTAMINATED  CONCRETE  AND  METAL  PLATES 
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IHTR  2573 


Copy  of  IHTR  2269 


This  page  intentionally  left  blank. 
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Copy  of  IHTR  2269 


IHTR  2573 


ABL  FRICTION  TEST 


sample  name;  AP  contaminated  concrete 
sample  ID: 

sampleprep:  residue 
requester:  Anne  Caris,  2150K 
operator:  T.  Chesley/T.  Tolson 


date:  6/8/99 


temperature:  27  °C 

relative  humidity:  42  % 


psig  1  2  3  4  5  6  7  8  9  10  11  12  13  14  1^16  17  18  19  20  comments 


980 

r 

750 

0 

0 

no  reactions 

560 

420 

315 

235 

180 

135 

100 

0 

0 

0 

0 

0 

no  reactions 

75 

55 

40 

30 

L_ 

1  —  positive  reaction  (fire)  The  threshold  initiation  level  (TIL)  is  the  level  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 


20  TIL  Friction:  -  -  psig 


Tested  on  ABL  friction  tester;  at  8  ft/sec,  with  steel  wheels 
and  concrete  anvil,  in  building  888  room  104 
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IHTR  2573 


Copy  of  IHTR  2269 


ABL  FRICTION  TEST 

sample  name:  AP  contaminated  steel 
sample  ID:  -i 

sample  prep:  residue 
requester;  Anne  Caris,  2150K 
operator:  T.  Chesley/T.  Tolson 


date:  6/8/99 
temperature:  26  “C 

relative  humidity:  42  % 


1  =  positive  reaction  (fire) 

0  =  negative  reaction  (no-fire) 

20  TIL  Friction:  -  .  nsio 


The  threshold  initiation  level  (TIL)  is  the  level  at  which  20  negatives 
are  observed  with  at  least  one  positive  at  the  next  higher  level. 

Tested  on  ABL  friction  tester;  at  8  tt/sec,  with  steel  wheels 
and  steel  anvil,  in  building  888  room  1 04 
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IHTR  2573 


ABL  FRICTION  TEST 


sample  name:  AP  contaminated  concrete 
sample  ID:  500  |Xg/cm2 
sample  prep:  residue 
requester:  Anne  Caris,  2150K 
operator:  T.  Tolson 


date:  7/29/99 
temperature:  26  °C 

relative  humidity:  42  % 


P?i5  ^  A  ,  ^  ®  ^  8  9  10  11  12  13  14  15  16  17  18  19  20 


980 

' 

750 

— 

1 

560 

p 

420 

315^ 

235 

r 

j 

180 

T 

red  spark 

135 

0 

0 

red  sparks 

100^ 

P 

red  sparks 

75 

_0 

0 

red  sparks 

55 

1 

red  sparks 

40  _ 

“n 

30 

— 

— 

- 

_ 

_ 

_ 

_  _ 

1  positive  reaction  (fire)  The  threshold  initiation  level  (TIL)  is  the  level  at  which  20  negatives 

0  -  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 

Tested  on  ABL  friction  tester;  at  8  ft/sec,  with  steei  wheels 
20  TIL  Friction:  0  psig  and  steel  anvils,  in  building  888  room  104 
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Copy  of  IHTR  2269 


ABL  FRICTION  TEST 


sample  name:  AP  contaminated  steel 

date: 

7/28/99 

sample  ID:  500  p,g/cm2 

temperature: 

26 

sample  prep:  residue 

relative  humidity: 

42  % 

requester:  Anne  Caris,  2150K 

operator:  T.  Tolson 

psig  12  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  comments 


980 

n 

I] 

750 

560 

420 

1 

spark 

315 

0 

0 

0 

0 

1 

spark 

235 

0 

0 

0 

0 

0 

0 

0 

1 

spark 

180 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

no  reactions 

135 

100 

75 

55 

40 

30 

1  —  pOSitiVB  reaction  (fire)  The  threshold  initiation  level  (TIL)  is  Ihe  level  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  obsen/ed  with  at  least  one  positive  at  the  next  higher  level. 


20  TIL  Friction:  0  psig 


Tested  on  ABL  friction  tester;  at  8  ft/sec,  with  steei  wheeis 
and  steei  anviis,  in  building  888  room  104 
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ABL  FRICTION  TEST  RESULTS  FOR 
RDX-CONTAMINATED  CONCRETE  AND  METAL  PLATES 
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ABL  FRICTION  TEST 


sample  name:  RDX  contaminated  concrete 

date: 

6/9/99 

sample  ID:  /tw 

temperature: 

26  <C 

sample  prep:  residue 

relative  humidity: 

42  % 

requester:  Anne  Caris,  2150K 

operator:  T.  Chesley/T.  Tolson 

psig  1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

comments 

980 

750 

560 

420 

315 

235 

180 

135 

100^ 

0 

_0_ 

_0_ 

_0_ 

0 

0 

0 

0 

no  reactions 

75 

55 

_  40 

30 

L 

r 

_ 

1  -  positive  reaction  (fire)  The  threshold  initiation  level  (TIL)  is  the  level  at  which  20  negatives 

0  —  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 


20  TIL  Friction:  -  -  psig 


Tested  on  ABL  friction  tester;  at  8  ft/sec,  with  steel  wheels 
and  concrete  anvil,  in  building  888  room  104 
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ABL  FRICTION  TEST 


sample  name:  RDX  contaminated  concrete 
sample  ID:  500  |J,g/cm2 
sample  prep:  residue 
requester:  Anne  Caris,  2150K 
operator:  T.  Tolson 


date: 
temperature: 
relative  humidity: 


7/29/99 
26  “C 
42  % 


psig  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  comments 

I  1  I  1  ^  I  ^  ^  I  !  I  I  I — r  I  I  :  1 — r - 


980 

- 1 

750 

560 

1 

420 

315 

□ 

_ 

n 

235 

u 

180 

1 

1 

red  sparks 

135 

1 

red  sparks 

100 

1 

red  sparks 

75 

0 

0 

0 

0 

0 

1 

red  sparks 

55 

0 

0 

0 

1 

red  spark 

40 

1 

u 

red  spark 

30 

1  —  positive  reaction  (fire)  The  threshold  initiation  level  (TIL)  is  the  level  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 

Tested  on  ABL  friction  tester;  at  8  ft/sec,  with  steei  wheels 
20  TIL  Friction:  0  psig  and  steel  anvils,  in  building  888  room  104 
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ABL  FRICTION  TEST 


sample  name: 

sample  ID: 
sample  prep: 
requester: 
operator: 


RDX  contaminated  steel 
residue 

Anne  Caris,  2150K 
T.  Chesley/T.  Tolson 


date:  6/8/99 


temperature:  27  'C 

relative  humidity:  43  % 


P_sig  1  2  3  4  5  6  7  a  9  10  11  12  13  14  15  16  17  18  19  M _  comments 


980 

0 

0 

0 

0 

0 

0 

1 

spark 

750 

0 

1 

spark 

560 

0 

0 

0 

0 

0 

0 

lO 

0 

00 

0 

no  reactions 

420 

_ 

r 

315 

235 

180 

— 

135 

100 

75 

55 

40 

30 

t 

^  ~  positive  reection  (fire)  The  threshold  initiation  ievei(TIL)  is  the  level  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 

Tested  on  ABL  friction  tester;  at  8  ft/sec,  with  steel  wheels 
20  TIL  Friction:  --  psig  and  steel  anvil,  in  building  888  room  104 
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ABL  FRICTION  TEST 


sample  name:  RDX  contaminated  steel 
sample  ID:  150(ig/cm2 
sample  prep:  residue 
requester:  Anne  Caris,  2150K 
operator:  T.  Tolson 


date:  7/27/99 
temperature:  26  "C 

relative  humidity:  42  % 


psig  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  comments 

"  I  .  I  .!  ^  I  r  n'  I  i ^ - 1 - ^ ^ - 1 - ^ ^ 1 - ^ — r  — - 


980 

0 

T 

n 

spark 

750 

1 

spark 

560 

0 

0 

1 

spark 

420 

0 

0 

0 

0 

0 

0 

1 

spark 

315 

1 

spark 

235 

1 

spark 

180 

0 

0 

1 

spark 

135 

1 

spark 

100 

1 

spark 

75 

0 

0 

1 

spark 

55 

1 

spark 

40 

30 

1  -  positive  reaction  (fire)  The  threshold  initiation  level  (TIL)  is  the  level  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 

Tested  on  ABL  friction  tester;  at  8  ft/sec,  with  steel  wheels 
20  TIL  Friction:  0  psig  and  steel  anvils,  in  building  888  room  104 
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ABL  FRICTION  TEST 


sample  name: 

sample  ID: 
sample  prep: 
requester: 
operator: 


RDX  contaminated  steel 
100  |ag/cm2 
residue 

Anne  Caris,  2150K 
T.  Tolson 


date: 
temperature: 
relative  humidity: 


7/27/99 

26  “C 
42  % 


psig  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  comments 


980 

1 

spark 

750 

1 

; 

spark  ; 

560 

1 

spark 

420 

1 

spark 

315 

spark 

235 

0 

0 

0 

0 

0 

0 

1 

spark 

180 

1 

spark 

135 

0 

0 

0 

0 

0 

1, 

0 

0 

0 

0 

0 

0 

no  reactions 

100 

n 

75 

55 

40 

30 

i  ... 

_ 

1  —  positive  reaction  (fire)  The  threshold  initiation  level  (TIL)  is  the  level  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 

Tested  on  ABL  friction  tester;  at  8  ft/sec,  with  steel  wheels 
20  TIL  Friction:  0  psig  and  steel  anvils,  in  building  888  room  1 04 
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ABL  FRICTION  TEST 


sample  name;  RDX  contaminated  steel 
sample  ID:  #1,  75  ng/cm2 
sample  prep:  residue 
requester:  Anne  Caris,  2150K 
operator:  T.  Chesley 


date; 
temperature: 
relative  humidity: 


9/22/99 

26  -C 
40  % 


psig  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20 _ comments 


980 

0 

0 

0 

0 

"o^ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

IP 

0 

no  reactions 

750 

560 

420 

315 

235 

180 

135 

100 

75 

55 

40 

_ 

30 

L 

i 

_ 

1  =  positive  reaction  (fire)  The  threshold  initiation  level  (TIL)  is  the  level  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  levei. 


20  TIL  Friction:  >980  psig 


Tested  on  ABL  friction  tester;  at  8  ft/sec,  with  steel  wheels 
and  steel  anvils,  in  building  888  room  104 
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ABL  FRICTION  TEST 


sample  name: 

sample  ID: 
sample  prep: 
requester: 
operator: 


RDX  contaminated  steel 
#2,  50  pg/cm2 
residue 

Anne  Caris,  2150K 
T.  Chesley 


date:  9/24/99 


temperature: 
relative  humidity: 


26  °C 
40  % 


psig  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  comments 

-l.l.l.l.l-,.  .  I  .  I  -  I  *  I  “■  _  1  .  — I  I  [  '1 — I - 


980 

0 

0 

0 

0 

0 

0 

o 

o 

0 

0 

0 

0 

0 

0 

0 

O 

o 

0 

0 

0 

no  reactions 

750 

560 

n 

420 

L 

r 

315 

235 

180 

135 

100 

75 

55 

40 

30 

1  —  positive  reaction  (fire)  The  threshold  initiation  level  (TIL)  is  the  level  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 

Tested  on  ABL  friction  tester;  at  8  ft/sec,  with  steel  wheels 
20  TIL  Friction;  >980  psig  and  steel  anvils,  in  building  888  room  104 
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Appendix  F 

ABL  FRICTION  TEST  RESULTS  FOR 
TNT-CONTAMINATED  CONCRETE  AND  METAL  PLATES 
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ABL  FRICTION  TEST 


sample  name:  TNT  contaminated  concrete 
sample  ID:  'I 

sample  prep:  residue 
requester:  Anne  Caris,  2150K 
operator:  T.  Chesley/T.  Tolson 


date: 
temperature: 
relative  humidity: 


6/9/99 
26  “C 
42  % 


psig  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20 _ comments 


980 

....J 

750 

560 

420 

_ 1 

315 

1 

235 

J 

”1 

180 

L  ^ 

135 

100 

0 

0 

0 

0 

0 

0 

0 

0 

no  reactions 

75 

55 

40 

30 

1  =  positive  reaction  (fire)  The  threshold  initiation  level  (TIL)  is  the  level  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 


20  TIL  Friction:  -  -  psig 


Tested  on  ABL  friction  tester;  at  8  ft/sec,  with  steel  wheels 
and  concrete  anvil,  in  building  888  room  104 
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ABL  FRICTION  TEST 


sample  name:  TNT  contaminated  steel 
sample  ID;  j  ^  i 

sample  prep:  residue 
requester:  Anne  Caris,  2150K 
operator:  T.  Chesley/T.  Tolson 


date: 
temperature: 
relative  humidity: 


6/9/99 
26  X. 
42  % 


psig  1  2  3  4  5  6  7  8  9  10  12  13  14  15  16  17  18  19  20  _ comments 


980 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

no  reactions 

750 

560 

_ 1 

420 

315 

235 

_ 

_ 1 

180 

135 

100 

L 

75 

55 

40 

30 

.  1 

1  —  positive  reaction  (fire)  The  threshold  initiation  level  (TIL)  is  the  level  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 

Tested  on  ABL  friction  tester;  at  8  tt/sec,  with  steei  wheeis 
20  TIL  Friction:  >980  psig  and  steei  anvil,  in  building  888  room  104 
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ABL  FRICTION  TEST 


sample  name;  TNT  contaminated  concrete 
sample  ID:  500  )J,g/cin2 
sample  prep:  residue 
requester:  Anne  Caris,  2150K 
operator:  T.  Tolson 


date: 
temperature: 
relative  humidity; 


7/29/99 

26 

42  % 


psig  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  comments 


980 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

“I 

spark 

750 

0 

1 

spark 

560 

420 

0 

1 

0 

1 

spark 

spcirk 

315 

0 

1 

spark 

235 

0 

0 

0 

0 

L... 

180 

0 

135 

100 

75 

55 

40 

30 

LL 

1  =  positive  reaction  (fire)  The  threshold  initiation  level  (TIL)  Is  the  level  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 


20  TIL  Friction:  0  psig 


Tested  on  ABL  friction  tester;  at  8  ft/sec,  with  steel  wheels 
and  steel  anvils,  in  building  888  room  1 04 
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ABL  FRICTION  TEST 


sample  name:  TNT  contaminated  steel 
sample  ID;  500  (lg/cm2 
sample  prep:  residue 
requester:  Anne  Caris,  2150K 
operator:  T.  Tolson 


date: 
temperature: 
relative  humidity: 


7/28/99 
26  <0 
42  % 


psig  1  2  3  4  5  6  7  8  9  10  11  12  13  14  J  5  16  17  18  19  20  _  comments 


980 

o: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

o! 

0 

1 

bum  mark 

750 

0 

0 

0 

0 

0 

0 

1 

no  reactions 

560 

420 

0 

_J 

315 

n 

1 

235 

180 

o  o 

135 

100 

75 

55 

40 

30 

L 

1  =  positive  reaction  (fire)  The  threshold  initiation  level  (TIL)  is  the  level  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 


20  TIL  Friction:  0  psig 


Tested  on  ABL  friction  tester;  at  8  ft/sec,  with  steel  wheels 
and  steel  anvils,  in  building  888  room  104 
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Appendix  G 

ELECTROSTATIC  DISCHARGE  TEST  RESULTS  AT 
200-Mg/cm2  CONTAMINATION  LEVEL 
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ABL  ELECTROSTATIC  DISCHARGE  TEST 


sample  name:  AP  contaminated  steel 
sample  ID:  200  Jig/em2 
sample  prep:  residue 
requester:  Anne  Caris,  2150K 
operator:  T.  Tolson 


date:  8/12/99 
temperature:  26  °C 

relative  humidity:  42  % 


capacitance 

(|x  farad)  joules  123456789  10  11  12  13  14  15  16  17  18  19  20  comments 


0.5 

8.33 

0 

0 

0 

0 

1 

spark 

0.25 

4.20 

0 

0 

0 

0 

0 

0 

0 

0 

1 

.. 

spark 

0.1 

1.72 

0 

0 

0 

0 

0 

0 

M 

0,05 

0.853 

0,02 

0.326 

r 

r 

0.01 

0.165 

NOTE:  tested  on  20  sample 

0.005 

0.095 

holders  provided  by  2150K 

0.002 

0.037 

n 

n 

_ 

0.001 

0.023 

0.0005 

0.015 

0.0002 

0.010 

0.0001 

0.0084 

_ 

1  —  positive  reaction  (fire)  The  threshold  initiation  level  (TIL)  is  the  level  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 

Tested  on  ABL  Model  150  ESD  tester, 

20  TIL  ESD:  0  joules  voltage  =  5.785  KV  DC,  tested  in  building  888  room  104 
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ABL  ELECTROSTATIC  DISCHARGE  TEST 


sample  name:  RDX  contaminated  steel 


sample  ID:  200  |Xg/cm2 
sample  prep:  residue 
requester:  Aime  Caris,  2150K 
operator:  T.  Tolson 


date:  8/13/99 


temperature: 
relative  humidity: 


26  "C 
42  % 


capacitance 


H  farad) 

joules 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

comments 

0.5 

8.33 

0 

0 

0 

0 

0 

1 

sparks 

0.25 

4.20 

0 

0 

0 

1 

n 

spark 

0.1 

1.72 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

spark 

0.05 

0.853 

0.02 

0.326 

_ 

0.01 

0.165 

1 

NOTE:  tested  on  20  sample 

0.005 

0.095 

holders  provided  by  2150K 

0.002 

0.037 

0.001 

0.023 

0.0005 

0.015 

0.0002 

0.010 

0.0001 

0.0084 

1  —  positive  reaction  (fire)  The  threshold  initiation  level  (TiL)  is  the  ievel  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 

Tested  on  ABL  Model  150  ESD  tester, 

20  TiL  ESD:  0  joules  voltage  =  5.785  KV  DC,  tested  in  building  888  room  104 
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ABL  ELECTROSTATIC  DISCHARGE  TEST 


sample  name; 

sample  ID; 
sample  prep; 
requester: 
operator: 


TNT  contaminated  steel 
200  iig/em2 
residue 

Anne  Caris,  2150K 
T.  Tolson 


date:  8/13/99 
temperature:  26 

relative  humidity:  42 


°C 

% 


capacitance 


(p  farad) 

joules 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

comments 

'o.5 

0,25 

8.33 

0 

1 

J 

spark 

4.20 

0 

0 

-IJ 

1 

n 

spark 

0.1 

1.72 

0 

0 

0 

0 

1 

spark 

0.05 

0.853 

0 

0 

0 

0 

0 

0 

0 

0 

1 

spark 

0.02 

0.326 

r 

r 

0.01 

0.165 

0.005 

0.095 

NOTE:  tested  on  20  sample 

0.002 

0.037 

holders  provided  by  2150K 

0.001 

0,023 

i 

0.0005 

'0.015 

1 

0.0002 

0.010 

0.0001 

0.0084 

1  —  positive  reaction  (fire)  The  threshold  initiation  level  (TIL)  is  the  level  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 

Tested  on  ABL  Model  150  ESD  tester, 

20  TIL  ESD:  0  joules  voltage  =  5.785  KV  DC,  tested  in  building  888  room  104 
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Appendix  H 

ELECTROSTATIC  DISCHARGE  TEST  RESULTS  AT 
100-Mg/cm2  CONTAMINATION  LEVEL 
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ABL  ELECTROSTATIC  DISCHARGE  TEST 

sample  name:  AP  contaminated  steel 
sample  ID:  100  iag/cni2 
sample  prep:  residue 
requester:  Anne  Caris,  2150K 
operator:  T.  Tolson 


The  threshold  initiation  level  (TIL)  is  the  level  at  which  20  negatives 
are  observed  with  at  ieast  one  positive  at  the  next  higher  level. 

Tested  on  ABL  Model  150  ESD  tester, 

voltage  =  5.785  KV  DC,  tested  in  building  888  room  104 


1  =  positive  reaction  (fire) 

0  =  negative  reaction  (no-fire) 

20  TIL  ESD:  0  joules 


date:  9/27/99 
temperature:  25  °C 

relative  humidity:  41  % 
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ABL  ELECTROSTATIC  DISCHARGE  TEST 


sample  name: 

sample  ID: 
sample  prep: 
requester: 
operator: 


RDX  contaminated  steel 
100  |ag/cm2 
residue 

Anne  Caris,  2150K 

P.  Thomas/T.  Chesley/T.  Woodland 


date:  9/25/99 
temperature:  25 

relative  humidity:  40 


“C 

% 


capacitance 


(p  farad)  i  jouies  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  comments 

I - -  '  i  -  I  -  I  ,  I — ^ ^ - r“'  r  !  I  I  1  i  '  i  ..  -"‘'v 


- f 

0.5 

8.33 

0 

0 

0 

1 

11 

! 

1 

1 

yellow  flash 

0.25 

4.20 

0 

0 

0 

0 

0 

0 

0 

1 

! 

yellow  flash 

0.1 

1.72 

0.05 

0.853 

0.02 

0.326 

1 

1 

0.01 

0.165 

i  . 

L_ 

0.005 

0.095 

0.002 

0.037 

i 

i 

h 

0.001 

0.023 

n 

0.0005 

0.015 

i _ 

0.0002 

0.010 

! 

0.0001 

0.0084 

i 

L 

1  =  positive  reaction  (fire)  The  threshold  initiation  level  (TIL)  is  the  level  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 


20  TIL  ESD: 


Tested  on  ABL  Model  150  ESD  tester, 

0  joules  voltage  =  5.785  KV  DC,  tested  in  building  888  room  104 
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ABL  ELECTROSTATIC  DISCHARGE  TEST 


sample  name: 

sample  ID: 
sample  prep: 
requester: 
operator: 


TNT  contaminated  steel 

100p,g/cm2 

residue 

Anne  Caris,  2150K 
T.  Tolson 


date:  9/27/99 
temperature:  25 

relative  humidity:  42 


% 


capacitance 


joules  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20 


comments 


0.5 

8.33 

0 

0 

0 

0 

0 

1 

n 

orange  sparks 

0.25 

4.20 

0.1 

1.72 

p 

0.05 

0.853 

0.02 

0.326 

L 

0.01 

0.165 

0.005 

0.095 

0.002 

0.037 

r 

0.001 

0.023 

0.0005 

0.015 

0.0002 

0.010 

P 

^.0001 

0.0084 

r 

L 

1 

1  —  positive  reaction  (fire)  The  threshold  initiation  ievel  (TIL)  is  the  ievel  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  levei. 

Tested  on  ABL  Model  150  ESD  tester, 

20  TIL  ESD:  0  joules  voltage  =  5.785  KV  DC,  tested  in  building  888  room  104 
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Appendix  I 

ELECTROSTATIC  DISCHARGE  TEST  RESULTS  AT 
75-Mg/cm2  CONTAMINATION  LEVEL 
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ABL  ELECTROSTATIC  DISCHARGE  TEST 


sample  name:  AP  contaminated  steel 

date: 

10/26/99 

sample  ID:  75  |J.g/cm2 

temperature: 

29 

sample  prep:  residue 

relative  humidity: 

38 

requester:  Anne  Caris,  2150K 

operator:  T.  Tolson/T.  Chesley/D.  Remmers 

capacitance 


p  farad) 

joules 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

comments 

0.5 

8.33 

1 

I 

yellow  sparks 

0.25 

4.20 

0.1 

1.72 

0.05 

0.853 

0.02 

0.326 

i 

0.01 

0.165 

0.005 

0.095 

0.002 

0.037 

0.001 

0.023 

P 

o 

o 

o 

CJ1 

0.015 

0.0002 

0.010 

0.0001 

0.0084 

1 

1  =  pOSitiV©  rsaCtion  (firs)  The  threshold  initiation  level  (TIL)  is  the  level  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 

Tested  on  ABL  Model  150  ESD  tester, 

20  TIL  ESD:  0  joules  voltage  =  5.785  KV  DC,  tested  in  building  888  room  1 04 
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ABL  ELECTROSTATIC  DISCHARGE  TEST 


sample  name:  RDX  contaminated  steel  date;  10/26/99 

sample  ID:  75  p,g/cin2  temperature;  29  “C 

sample  prep:  residue  relative  humidity:  38  % 

requester:  Anne  Cans,  21 50K 
operator:  T.  Tolson/T.  Chesley/D.  Remmers 


1  =  positive  reaction  (fire)  The  threshold  initiation  level  (TIL)  is  the  level  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 

Tested  on  ABL  Model  150  ESD  tester, 

20  TIL  ESD:  0  joules  voltage  =  5.785  KV  DC,  tested  in  buiiding  888  room  104 
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ABL  ELECTROSTATIC  DISCHARGE  TEST 


sample  name:  TNT  contaminated  steel 
sample  ID:  75  (J.g/cm2 
sample  prep:  residue 
requester:  Anne  Caris,  2150K 
operator:  T.  Tolson/D.  Remmers/T.  Chesley 


date:  10/26/99 
temperature:  26  “C 

relative  humidity:  38  % 


1  -  positive  reaction  (fire)  The  threshold  initiation  level  (TIL)  is  the  level  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 

Tested  on  ABL  Model  150  ESD  tester, 

20  TIL  ESD:  0  joules  voltage  =  5.785  KV  DC,  tested  in  building  888  room  104 
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Appendix  J 

ELECTROSTATIC  DISCHARGE  TEST  RESULTS  AT 
50-Mg/cm2  CONTAMINATION  LEVEL 
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ABL  ELECTROSTATIC  DISCHARGE  TEST 


sample  name:  AP  contaminated  steel 

date: 

10/26/99 

sample  ID:  50  |Ig/cin2 

temperature: 

29 

sample  prep:  residue 

relative  humidity: 

38 

requester:  Anne  Caiis,  2150K 

operator:  T.  Tolson/T.  Chesley/D.  Remmers 

capacitance' 


farad) 

joules 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

comments 

0.5 

8.33 

0 

0 

0 

1 

orange  sparks 

0.25 

4.20 

0.1 

1.72 

0.05 

0.853 

0.02 

0.326 

0.01 

0.165 

0.005 

0.095 

0.002 

0.037 

0.001 

0.023 

0.0005 

0.015 

0.0002 

0.010 

0.0001 

0.0084 

1  =  positive  reaction  (fire)  The  threshold  initiation  level  (TIL)  is  the  level  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 

Tested  on  ABL  Model  150  ESD  tester, 

20  TIL  ESD:  0  joules  voltage  =  5.785  KV  DC,  tested  in  building  888  room  104 
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ABL  ELECTROSTATIC  DISCHARGE  TEST 


sample  name;  RDX  contaminated  Steel  date;  10/26/99 

sample  ID;  50  llg/cin2  temperature:  29  “C 

sample  prep:  residue  relative  humidity:  38  % 

requester;  Anne  Caris,  2150K 
operator:  T.  Tolson/T.  Chesley/D.  Remmers 


1  -  pOSitiv©  r©action  (fir©)  The  threshold  initiation  level  (TIL)  is  the  level  at  which  20  negatives 

0  =  n©gativ©  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 

Tested  on  ABL  Model  150  ESD  tester, 

20  TIL  ESD:  0  joules  voltage  =  5.785  KV  DC,  tested  in  building  888  room  104 
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ABL  ELECTROSTATIC  DISCHARGE  TEST 


sample  name:  TNT  contaminated  steel  date;  10/26/99 

sample  ID:  50  |J,g/cm2  temperature:  26  ‘C 

sample  prep:  residue  relative  humidity:  38  % 

requester:  Anne  Caris,  2150K 
operator:  T.  Tolson/D.  Remmers/T.  Chesley 


1  -  positive  reaction  (fire)  The  threshoid  initiation  levei  (TIL)  is  the  levei  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 


20  TIL  ESD: 


Tested  on  ABL  Model  150  ESD  tester, 

0  joules  voltage  =  5.785  KV  DC,  tested  in  building  888  room  104 
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SCANNING  ELECTRON  MICROGRAPHS 
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ESD  fiNVIL  *1  50jig  RDX  -  UNFIRED 


13. 0x  20,0  kV  AMRAy  ♦0000» 


13. 0x  20.0  kV  AMRA/  *0000* 
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ESP  RNVIL  *2  5B^g  RDX  -  FIREPf 


100  mTorr 

500X  20.0  kV  AMRA/  *0001* 
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mTor  r 


13. 0X  20.0  kV  AMRA/  *0007* 


ESD  ANVIL  *4  50>ig  AP  -  FIRED 

r 

\ 

100  mTorr 


13. 0x  20.0  kV  AMRA/  *0001* 
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• 

|ESD  ftNVIL 

#4  50j.g 

ftp  -  FIREDf 

•  I 

1 

100  mTorr 

1 . 300X 

20.0 

10)im  AMRA/  *0005* 

ESP  QHVIL  *4  50>ig  RP  -  FIRED 


t 

f  ' 

100  mTorr 

) 


l,000x  20.0  kV  .  AMRA/  *0006* 
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E^^Besd  pnvil 

*e  50jjig 

TNT 

-  FIREDI^M^HJ^B 

l■BJ 

S^yH 

Rji^ 

H 

Ek-‘  #  ^=^1^ 

K  V  ; 

IvSH^^K 

!SS1p  W^R- 

100 

Wki^. 

mTorr 

45. 0X 

20.0 

kV 

^'™"  AMRA/ 

*0000* 

TT"^ - 

I 

f 

ESP  ANVIL  *6  SB^TNT  -  FIRED| 


100  mTorr 


150X  20.0  kV  AMRA/  ♦0000» 
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ESD  RNVIL 

#7  7Sp.3  RDX  -  UNFIRED 

- 

- 

100  mTorr 

100X 

20.0  kV  AMRAy 

♦0015* 

|E5D  RNVIL  *7  75ng  RDX  -  UNFIREP) 


100  mTorr 


300X  20.0  kV  AMRA/"  *0016* 
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Sa^ESD  RNVIL 

#8  75jiig  RDX  -  F I  REDkj**«i._ 

^^ibs  . 

I  '  T  '  1 

'  ^  ‘  ■■ 

i005<^ 

100  mTorr i ^ 

20.0  kV  AMRAy 

♦0012* 

ESD  RNVIL  #8  75^3  RDX  -  FIRED| 

-  O 
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mTorr 


13. 0x 


*0004 
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*0000 
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00  mTorr 
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ESD  ANVIL  #14 


10  mTorr 


ESD  RMVIL  #15  -  75MgjmTFIREDfe|j*^. 

jKtnm 


WiM 


mTorr 


#0001 
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|ESD  ftNVIL  *9  -  75pg  ftP  UHFIREDl 


101}  inTorr 


ESD  RNVIL  #9  -  75m g  PIP  UNFIRED' 


100  mTdrr 


■ 

srx  ;  . 

K 

m 
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ESD 


ESD  PNVIL  #13  -  75>.g  TNT  FIRED 


mT o  r  r 


*0014* 


13.  0X 
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ite  ,  Vv  ■  '4 Ui', 

'v'*-  ■  ■■>’  ■  '  '  ■'■‘^  i'V.  'vi.  ■■;'  '■' 


108  mTorr 


100p^i 
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LEVELS  OF  ENERGETIC  MATERIAL  RECOVERED  FROM  ANVILS 


A- 137 


IHTR  2573 


Copy  of  IHTR  2269 


This  page  intentionally  left  blank. 


A-138 


Copy  of  IHTR  2269 


IHTR  2573 


AP  RESULTS 


Calibration  standards 

amt.  area 

102.6  9795896 

10.26  1022799 

1.026  109870 

0.1026  12393 


Method  spikes  showing  recovery 


spike  amt. 

method  %  recovery 

75 

88.3 

75 

87.2 

50 

68.3 

50 

72.4 

Anvil  data 

anvil  # 

%  recovery 

3 

15.8 

Recovery  from  50  mic 

3-B 

9.4 

4 

1.6 

Recovery  from  50  mic  visibly  reacted  anvil 

9 

22.0 

Recovery  from  75  mic 

9-B 

12.4 

10 

7.1 

Recovery  from  75  mic  visibly  reacted  anvil 

ENCLOSURE  ^ 
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TNT  RESULTS 


Calibration  standards 

amt.  area 

10.2  417.86 

1 .02  34.82 

23.6  835.33 

102  3187.23 


Method  spikes  showing  recovery 


spike  amt.  method  %  recovery 


50 

91.0 

50 

97.0 

Anvil  data 

anvil  # 

%  recovery 

5 

17.4 

Recovery  from  50  mic 

5-B 

23.7 

5-C 

3.7 

6 

2.5 

Recovery  from  50  mic  visibly  reacted  anvil 

11 

6.2 

Recovery  from  75  mic 

11-B 

5.3 

11-C 

18.7 

13 

12.1 

Recovery  from  75  mic  visibly  reacted  anvil 

^NCLOSUiiis  ^ 
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RDX  RESULTS 


Calibration  standards 

amt,  area 

10.2  154.18 

1.02  16.52 

69.16  1179.56 

102  1550.89 


Method  spikes  showing  recovery 


spike  amt.  method  %  recovery 


75 

96.2 

75 

92.8 

50 

96.4 

50 

96.7 

Anvil  data 

anvil  # 

%  recovery 

1 

25.1 

Recovery  frorm  50  mic 

1-B 

33.3 

1-C 

33.0 

2 

28.5 

Recovery  from  50  mic  visibly  reacted  anvil 

7 

31.4 

Recovery  from  75  mic 

7-A 

34.5 

7-B 

34.6 

8 

31,9 

Recovery  from  75  mic  visibly  reacted  anvil 

[enclosure 
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FOREWORD 


This  report  is  an  adjunct  to  IHTR  2269,  which  addressed  the  explosive  contamination  levels  to  which 
surfaces  needed  to  be  cleaned  before  being  released  for  unrestricted  use  per  DOD  6055.1.  This  report  deals  with 
five  additional  energetic  materials — HMX,  TATB,  HBNQ,  NC,  and  tetryl.  Also,  the  three  original  energetic 
materials,  TNT,  RDX,  and  AP,  were  tested  for  sensitivity  on  wood  surfaces  at  the  750-pg/cm^  level.  This  report 
should  be  used  in  concert  with  IHTR  2269. 

This  work  was  performed  at  the  Indian  Head  Division,  Naval  Surface  Warfare  Center. 


Anderson 

,  Facilities  Modernization  Branch 


Approved  by: 


Raymond  A.  Geckle 

Director,  Cast  Products  Technology  Division 


Released  by: 


N.  Bertucci 

Head,  Applied  Technology  Department 
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BACKGROUND 


The  downsizing  and  closing  of  military  establishments  have  generated  the  need  to  eliminate  potential 
hazards  from  facilities  previously  used  to  process  energetic  materials.  Testing  for  contamination  levels  is  an 
established  practice;  however,  there  are  no  established  criteria  for  safe  and  acceptable  levels  of  contamination  of 
facilities. 

To  establish  levels  of  contamination  with  appropriate  safety  factors  that  could  be  shown  not  to  exhibit 
reactions  to  normally  executed  construction  practices,  such  as  equipment  installation  and  facility  remodeling, 
small-scale  sensitivity  testing  was  performed.  Wood,  concrete,  and  metal  anvils  and  plates  were  prepared  for  use 
in  the  sensitivity  equipment  and  then  coated  with  a  quantifiable  amount  of  contaminant  on  the  testing  surface. 
These  plates  and  anvils  were  then  subjected  to  impact,  friction,  and  electrostatic  discharge  (BSD)  sensitivity 
testing  and  observed  for  reactions  to  the  stimuli. 

IHTR  2269,  Sensitivity  Testing  of  Contaminated  Surfaces  to  Establish  Non-Reactivity  Levels  of 
Ammonium  Perchlorate,  Cyclotrimethylenetrinitramine,  and  Trinitrotoluene  on  Wood,  Concrete,  and  Metal,  30 
June  2000,  reported  on  previous  testing  with  AP,  RDX,  and  TNT.  This  report  gives  results  of  testing  with  five 
additional  materials — HMX  (cyclotetramethylenetetranitramine),  TATB  (triaminotrinitrobenzene),  HBNQ  (high- 
bulk-density  nitroguanidine),  NC  (nitrocellulose),  and  tetryl  (trinitrophenylmethylnitramine).  Also  reported  is  the 
sensitivity  of  the  three  original  materials  on  wood  surfaces  at  the  750-pg/cm^  level. 
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APPROACH 


We  used  several  time-honored  sensitivity  tests  for  the  hazard  classification  of  energetic  materials: 

•  Naval  Ordnance  Station  (NOS)  Impact  Test 

•  Alleghany  Ballistic  Lab  (ABL)  Friction  Test 

•  ABL  Electrostatic  Discharge  test 

These  tests  cover  the  gamut  of  stimuli  expected  to  be  experienced  during  the  demolition/decontamination  effort. 

The  procedures  for  these  tests  are  well  defined  including  the  assembly  of  the  test  apparatus  and  preparation 
of  the  specimen  to  be  tested.  The  anvils/plates  reflected  the  surfaces  expected  to  be  encountered — metal,  wood,  or 
concrete.  To  determine  the  level  to  which  contaminated  surfaces  must  be  cleaned,  plates/anvils  containing 
increasing  quantities  of  the  energetic  material  were  tested  on  the  above  apparatus  until  a  “reaction”  was  achieved. 
The  level  to  which  a  surface  must  be  cleaned  was  the  next  lowest  level  and  one  in  which  no  reaction  was 
achieved.  Since  friction  is  the  stimulus  to  be  experienced  most  often,  the  maximum  pressure  of  980  psig  was 
assigned  to  depict  the  “worst  case”  situation. 

To  assure  consistent  and  accurate  deposition  on  the  plates/anvils,  the  energetic  materials  were  dissolved  in 
an  appropriate  solvent  to  a  specified  concentration.  A  pipette  was  used  to  apply  the  energetic  material  to  the 
surface. 

Directions  for  sample  preparation  and  testing  were  communicated  to  the  laboratories  via  action  memoranda 
(Appendix  A). 
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DISCUSSION  OF  RESULTS 


1 .  The  results  as  reported  by  the  laboratories  (Appendix  B)  are  straightforward  and  confirm  engineering 
analysis  of  on-site  evaluations.  However,  one  anomaly  occurred  in  the  HMX  series.  The  200-pg/cm^ 
sample  reacted  on  the  steel  anvil  while  the  500-pg/cm^  sample  did  not.  This  anomaly  dictated  a  retest 
of  the  HMX  series  especially  since  the  RDX  series  exhibited  reactions  on  steel  at  1 00  pg/cm^  with  no 
reaction  at  75  pg/cm^. 

2.  All  the  contaminants  presented  “no  reaction”  at  concentrations  up  to  and  including  750  pg/cm^  on 
wood  and  concrete  in  the  friction  and  impact  tests. 

3.  All  concentrations  (50,  75,  100  pg/cm^)  had  at  least  one  reaction  to  BSD.  Examination  of  the 
anvils/plates  indicated  only  a  minimal  reaction. 

4.  Review  of  Appendix  E  of  IHTR  2269  demonstrates  “no  reactions”  at  pressures  below  980  psig  on 
RDX.  This  supports  the  contention  that  980  psig  represents  the  “worse  case”  situation. 

5.  Post- test  inspections  of  the  concrete-filled  friction  plates  and  raw  test  data  indicated  that  the  concrete 
did  not  hold  up  to  the  friction  wheel  testing  set  at  980-psig  pressure.  Further  evaluation  of  material 
preparation  is  necessary.  It  is  reasonable  to  use  the  non-reactive  levels  reported  on  the  steel  friction 
plates  for  clearance. 
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CONCLUSIONS 


1.  Structure  surfaces  need  to  be  cleaned/decontaminated  to  750  pg/cm^  or  less.  Steel  surfaces 
(equipment)  must  be  cleaned  to  500  pg/cm^  or  less. 

2.  To  preclude  initiation  by  BSD,  all  hands  must  be  “grounded”  in  the  mode  specified  in  ordnance 
industry  safety  manuals — conductive  shoes/ground  straps,  cotton  clothing,  etc. 

3.  The  HMX  friction  series  was  repeated  with  reactions  at  100,  200  and  500  pg/cm^  per  Memorandum 
Report  No.  3  (Appendix  B).  This  validated  the  original  no-reaction  levels  of  50  and  75  pg/cm^. 
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ACTION  MEMORANDUM  NO.  1 

To:  Laura  Tinsley  3320J 

From:  Anne  Carls  21 50K 

Subj:  Test  Sample  Preparation,  Request  for 

1 .  Please  prepare  the  plates  and  anvils  provided  with  the  energetics  listed  below  by  applying  the 
required  quantity  of  solution  (solvent  as  indicated)  to  realize  the  level  of  contamination  listed. 

2.  Please  provide  a  copy  of  your  calculations  of  solution  concentrations  and  quantity  of  solution  to  be 
applied  for  each  contaminant  level. 


Table  1.  Required  contamination 

Contaminant 

Contaminant  level 

Substrates 

Test 

HMX- 

50  |jg/cm^ 

1  metal  plate 

friction 

Acetonitrile 

75  |jg/cm^ 

1  metal  plate 

friction 

100  gg/cm^ 

1  metal  plate 

friction 

200  gg/cm^ 

1  metal  plate,  1  wood  plate,  1  concrete  plate 

friction 

500  gg/cm^ 

1  metal  plate,  1  wood  plate,  1  concrete  plate 

friction 

750  gg/cm^ 

1  wood  plate,  1  concrete  plate 

friction 

200  gg/cm^ 

1  metal  anvil,  1  concrete  anvil,  1  wood  anvil 

impact 

500  gg/cm^ 

1  metal  anvil,  1  concrete  anvil,  1  wood  anvil 

impact 

750  gg/cm^ 

1  metal  anvil,  1  concrete  anvil,  1  wood  anvil 

impact 

50  gg/cm^ 

20  metal  anvils 

ESD 

75  gg/cm^ 

20  metal  anvils 

ESD 

100  gg/cm^ 

20  metal  anvils 

ESD 

HBNQ- 

50  gg/cm^ 

1  metal  plate 

friction 

Water 

75  gg/cm^ 

1  metal  plate 

friction 

100  gg/cm^ 

1  metal  plate 

friction 

200  gg/cm^ 

1  metal  plate,  1  wood  plate,  1  concrete  plate 

friction 

500  gg/cm^ 

1  metal  plate,  1  wood  plate,  1  concrete  plate 

friction 

750  gg/cm^ 

1  wood  plate,  1  concrete  plate 

friction 

200  gg/cm^ 

1  metal  anvil,  1  concrete  anvil,  1  wood  anvil 

impact 

500  gg/cm^ 

1  metal  anvil,  1  concrete  anvil,  1  wood  anvil 

impact 

750  gg/cm^ 

1  metal  anvil,  1  concrete  anvil,  1  wood  anvil 

impact 

50  gg/cm^ 

20  metal  anvils 

ESD 

75  gg/cm^ 

20  metal  anvils 

ESD 

100  gg/cm^ 

20  metal  anvils 

ESD 
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NC- 

Tetrahydra 

Furan 

50  |jg/cm^ 

75  |jg/cm^ 

100  gg/cm^ 

200  gg/cm^ 

500  gg/cm^ 

750  gg/cm^ 

200  gg/cm^ 

500  gg/cm^ 

750  gg/cm^ 

50  gg/cm^ 

75  gg/cm^ 

100  gg/cm^ 

1  metal  plate 

1  metal  plate 

1  metal  plate 

1  metal  plate,  1  wood  plate,  1  concrete  plate 

1  metal  plate,  1  wood  plate,  1  concrete  plate 

1  wood  plate,  1  concrete  plate 

1  metal  anvil,  1  concrete  anvil,  1  wood  anvil 

1  metal  anvil,  1  concrete  anvil,  1  wood  anvil 

1  metal  anvil,  1  concrete  anvil,  1  wood  anvil 

20  metal  anvils 

20  metal  anvils 

20  metal  anvils 

friction 

friction 

friction 

friction 

friction 

friction 

impact 

impact 

impact 

ESD 

ESD 

ESD 

TATB-Dimethyl 

50  gg/cm^ 

1  metal  plate 

friction 

Formamide 

75  gg/cm^ 

1  metal  plate 

friction 

100  gg/cm^ 

1  metal  plate 

friction 

200  gg/cm^ 

1  metal  plate,  1  wood  plate,  1  concrete  plate 

friction 

500  gg/cm^ 

1  metal  plate,  1  wood  plate,  1  concrete  plate 

friction 

750  gg/cm^ 

1  wood  plate,  1  concrete  plate 

friction 

200  gg/cm^ 

1  metal  anvil,  1  concrete  anvil,  1  wood  anvil 

impact 

500  gg/cm^ 

1  metal  anvil,  1  concrete  anvil,  1  wood  anvil 

impact 

750  gg/cm^ 

1  metal  anvil,  1  concrete  anvil,  1  wood  anvil 

impact 

50  gg/cm^ 

20  metal  anvils 

ESD 

75  gg/cm^ 

20  metal  anvils 

ESD 

100  gg/cm^ 

20  metal  anvils 

ESD 

Tetryl- 

50  gg/cm^ 

1  metal  plate 

friction 

Acetonitrile 

75  gg/cm^ 

1  metal  plate 

friction 

100  gg/cm^ 

1  metal  plate 

friction 

200  gg/cm^ 

1  metal  plate,  1  wood  plate,  1  concrete  plate 

friction 

500  gg/cm^ 

1  metal  plate,  1  wood  plate,  1  concrete  plate 

friction 

750  gg/cm^ 

1  wood  plate,  1  concrete  plate 

friction 

200  gg/cm^ 

1  metal  anvil,  1  concrete  anvil,  1  wood  anvil 

impact 

500  gg/cm^ 

1  metal  anvil,  1  concrete  anvil,  1  wood  anvil 

impact 

750  gg/cm^ 

1  metal  anvil,  1  concrete  anvil,  1  wood  anvil 

impact 

50  gg/cm^ 

20  metal  anvils 

ESD 

75  gg/cm^ 

20  metal  anvils 

ESD 

100  gg/cm^ 

20  metal  anvils 

ESD 

TNT- 

750  gg/cm^ 

1  wood  plate 

friction 

Acetonitrile 

750  gg/cm^ 

1  metal  anvil,  1  concrete  anvil,  1  wood  anvil 

impact 

RDX- 

750  gg/cm^ 

1  wood  plate 

friction 

Acetonitrile 

750  gg/cm^ 

1  metal  anvil,  1  concrete  anvil,  1  wood  anvil 

impact 

AP- 

750  gg/cm^ 

1  wood  plate 

friction 

Water 

750  gg/cm^ 

1  metal  anvil,  1  concrete  anvil,  1  wood  anvil 

impact 
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ACTION  MEMORANDUM  NO.  2 

To:  Sensitivity  Lab 

From:  Anne  Caris  2150K 

Subj:  Sensitivity  Testing,  Request  for 

1 .  Please  perform  tests  listed  in  the  tables  below. 

2.  The  plates  and  anvils  will  be  delivered  pre-contaminated  and  labeled  to  level  of  contaminations. 

3.  Total  number  of  friction  plates  to  be  tested  =  58.  Total  number  of  impact  anvils  to  be  tested  =  54. 
Total  number  of  ESD  anvils  to  be  tested  =  300. 

4.  Please  provide  results  per  memorandum  as  soon  as  possible. 


Table  1.  Summary  of  required  friction  sensitivity  tests 

Test 

Contaminant 

Levei  of  contamination 

Substrate 

Number  of  friction  piates 

to  be  tested 

Friction 

HMX 

50  ^ig/cm^ 

metai 

1 

75  gg/cm^ 

metai 

1 

1 00  |jg/cm^ 

metai 

1 

200  |jg/cm^ 

wood,  concrete,  metai 

3  =11 

500  |jg/cm^ 

wood,  concrete,  metai 

3 

750  |jg/cm^ 

wood,  concrete 

2 

TATB 

50  gg/cm^ 

metai 

1 

75  gg/cm^ 

metai 

1 

1 00  gg/cm^ 

metai 

1 

200  gg/cm^ 

wood,  concrete,  metai 

3  =11 

500  gg/cm^ 

wood,  concrete,  metai 

3 

750  gg/cm^ 

wood,  concrete 

2 

HBNQ 

50  gg/cm^ 

metai 

1 

75  gg/cm^ 

metai 

1 

1 00  gg/cm^ 

metai 

1 

200  gg/cm^ 

wood,  concrete,  metai 

3  =11 

500  gg/cm^ 

wood,  concrete,  metai 

3 

750  gg/cm^ 

wood,  concrete 

2 

NC 

50  gg/cm^ 

metai 

1 

75  gg/cm^ 

metai 

1 

1 00  gg/cm^ 

metai 

1 

200  gg/cm^ 

wood,  concrete,  metai 

3  =11 

500  gg/cm^ 

wood,  concrete,  metai 

3 

750  gg/cm^ 

wood,  concrete 

2 

Tetryi 

50  gg/cm^ 

metai 

1 

75  gg/cm^ 

metai 

1 

1 00  gg/cm^ 

metai 

1 

200  gg/cm^ 

wood,  concrete,  metai 

3  =11 

500  gg/cm^ 

wood,  concrete,  metai 

3 

750  gg/cm^ 

wood,  concrete 

2 

TNT 

750  gg/cm^ 

wood 

1 

RDX 

750  gg/cm^ 

wood 

1 

AP 

750  gg/cm^ 

wood 

1 
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Contaminant 


Table  2.  Summary  of  required  impact  sensitivity  tests 


Level  of  contamination 


Substrate 

Number  of  impact  anvils  to  be 
tested 

wood,  concrete,  metal 
wood,  concrete,  metal 
wood,  concrete,  metal 

3 

3  =9 

3 

wood,  concrete,  metal 
wood,  concrete,  metal 
wood,  concrete,  metal 

3 

3  =9 

3 

200  pg/cm 
500  pg/cm^ 
750  pg/cm^ 


200  pg/cm^ 
500  pg/cm^ 
750  pg/cm^ 


200  pg/cm 
500  pg/cm^ 
750  pg/cm^ 

200  pg/cm^ 
500  pg/cm^ 
750  pg/cm^ 


wood,  concrete,  metal 
wood,  concrete,  metal 
wood,  concrete,  metal 

wood,  concrete,  metal 
wood,  concrete,  metal 
wood,  concrete,  metal 


Tetryl 

200  pg/cm^ 

500  pg/cm^ 

750  pg/cm^ 

wood,  concrete,  metal 
wood,  concrete,  metal 
wood,  concrete,  metal 

3 

3  =9 

3 

TNT 

750  pg/cm^ 

wood,  concrete,  metal 

3 

RDX 

750  pg/cm^ 

wood,  concrete,  metal 

3 

AP 

750  pg/cm^ 

wood,  concrete,  metal 

3 

Table  3.  Summary  of  required  ESD  sensitivity  tests 


Test 

Contaminant 

Level  of  contamination 

ESD 

HMX 

50  pg/cm^ 

75  pg/cm^ 

100  pg/cm^ 

TATB 

50  pg/cm^ 

75  pg/cm^ 

100  pg/cm^ 

HBNQ 

50  pg/cm^ 

75  pg/cm^ 

100  pg/cm^ 

NC 

50  pg/cm^ 

75  pg/cm^ 

100  pg/cm^ 

Tetryl 

50  pg/cm^ 

75  pg/cm^ 

100  pg/cm^ 

Number  of  ESD  anvils  to  be  tested 


4.  Address  any  question  regarding  this  memo  to  Anne  Caris,  at  ext.  1892  or  by  email  to 
carisae@ih.navy.mil. 
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Appendix  B 

RESULTS  MEMORANDA 
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MEMORANDUM  REPORT  NO.  1 

To:  Anne  Caris  2150K 

From:  Laura  Tinsley  3320J 

Subj:  Calculations  to  determine  amount  of  standard  solution  to  be  applied  to  each  testing  surface. 

Friction  plate  surface  area  =  10  cm  x  4  cm  =  40  cm^ 

Impact  anvil  surface  area  =  (3.14159)  x  (3.175/2  cm)^  =  7.54  cm^ 

ESD  anvil  surface  area  =  (3.14159)  x  (.3175  cm)^  =  0.32  cm^ 

Contamination  levels  for  friction  plates:  50,  75,  100,  200,  750  micrograms  per  square  centimeter 
Contamination  levels  for  impact  anvils:  200,  500,  750  micrograms  per  square  centimeter 
Contamination  levels  for  ESD  anvils:  50,  75,  100  micrograms  per  square  centimeter 

HBNQ  standard  solution  is  0.01  grams/100  milliliter 

for  ESD  anvil  =  (50  |ig/cm^)(0.32  cm^)=  16  pg 

(100  ml/O.OIg)  =  (x/16  pg)  X  =  (16  pg)(100  ml)/(0.01g)  =  0.16  ml  or  160  pi 

=  (75  pg/cm^)(0.32  cm^)  =  24  pg 

(100  ml/O.OIg)  =  (x/24  pg)  X  =  (24  pg)(100  ml)/(0.01g)  =  0.24  ml  or  240  pi 
=  (10  pg/cm2)(0.32  cm^)  =  32  pg 

(100  ml/O.OIg)  =  x/32  pg)  X  =  (32  pg)(100  ml)/(0.01g)  =  0.32  ml  or  320  pi 

for  impact  anvils  =  (50  pg/cm^)(7.54  cm^)  =  377  pg 

(100  ml/O.OIg)  =  (x/377  pg)  X  =  (377  pg)(100  ml)/(0.01g)  =  3,770,000  ml  or 
=  (75  pg/cm^)(0.32  cm^)  =  24  pg 

(100  ml/O.OIg)  =  (x/24  pg)  X  =  (24  pg)(100  ml)/(0.01g)  =  0.24  ml  or  240  pi 
=  (100  pg/cm^)(0.32  cm^)  =  32  pg 

(100  ml/O.OIg)  =  (x/32  pg)  X  =  (32  pg)(100  ml)/(0.01g)  =  0.32  ml  or  320  pi 
TATB  standard  solution  is  0.004  g/100  milliliter 
(50  pg/cm^)(0.32  cm2)=  16  pg 

(100  ml/0.004g)  =  (x/16  pg)  X  =  (16  pg)(100  ml)/(0.004g)  =  0.4  ml  or  400  pi 
(75  pg/cm^)(0.32  cm^)  =  24  pg 

(100  ml/0.004g)  =  (x/24  pg)  X  =  (24  pg)(100  ml)/(0.004g)  =  0.6  ml  or  600  pi 
(100  pg/cm^)(0.32  cm^)  =  32  pg 

(100  ml/0.004g)  =  (x/32  pg)  X  =  (32  pg)(100  ml)/(0.004g)  =  0.8  ml  or  800  pi 
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MEMORANDUM  REPORT  NO.  2 

To:  Anne  Caris  2150K 

From:  Dan  Remmers  9410G 

Subj:  Sensitivity  Testing  for  Contaminated  Steel,  Wood,  and  Concrete 

Ref:  (a)  Request  by  A.  Caris,  Code  2150K  on  16  August  2000. 

1 .  As  requested  by  reference  (a),  small  scale  safety  testing  was  performed  on  concrete,  steel,  and  wood 
contaminated  with  HMX,  TATB,  HBNQ,  NC,  tetryl,  TNT,  RDX,  and  AP.  The  tests  and  results  are  explained  below, 
and  the  individual  test  worksheets  were  provided. 

2.  ABL  Friction 

HMX:  The  200  pg/cm^  concentration  on  the  steel  anvil  had  a  positive  reaction  at  980  psig.  All  other  concentrations 
on  steel  (50,  75,  100,  500  pg/cm^)  had  no  reactions  at  980  psig. 

All  HMX  concentrations  on  wood  anvils  (200,  500,  750  pg/cm^)  had  no  reactions. 

All  HMX  concentrations  on  concrete  anvils  (200,  500,  750  pg/cm^)  had  no  reactions. 

TATB:  All  TATB  concentrations  on  steel  anvils  (50,  75,  100,  200,  500  pg/cm^)  had  no  reactions. 

All  TATB  concentrations  on  wood  anvils  (200,  500,  750  pg/cm^)  had  no  reactions. 

All  TATB  concentrations  on  concrete  anvils  (200,  500,  750  pg/cm^)  had  no  reactions. 

HBNQ:  All  HBNQ  concentrations  on  steel  anvils  (50,  75,  100,  200,  500  pg/cm^)  had  no  reactions. 

All  HBNQ  concentrations  on  wood  anvils  (200,  500,  750  pg/cm^)  had  no  reactions. 

All  HBNQ  concentrations  on  concrete  anvils  (200,  500,  750  pg/cm^)  had  no  reactions. 

NC:  All  NC  concentrations  on  steel  anvils  (75,  100,  200,  500,  750  pg/cm^)  had  no  reactions. 

All  NC  concentrations  on  wood  anvils  (200,  500,  750  pg/cm^)  had  no  reactions. 

All  NC  concentrations  on  concrete  anvils  (200,  500,  750  pg/cm^)  had  no  reactions. 

tetryl:  The  100,  200,  and  500  pg/cm^  concentrations  on  steel  had  a  positive  reaction  at  980  psig.  All  other 

concentrations  on  steel  (50,  75  pg/cm^)  had  no  reactions  at  980  psig. 

All  tetryl  concentrations  on  wood  anvils  (200,  500,  750  pg/cm^)  had  no  reactions. 

All  tetryl  concentrations  on  concrete  anvils  (200,  500,  750  pg/cm^)  had  no  reactions. 

TNT:  750  pg/cm^  on  the  wood  anvil  had  no  reactions. 

RDX:  750  pg/cm^  on  the  wood  anvil  had  no  reactions. 

AP:  750  pg/cm^  on  the  wood  anvil  had  no  reactions. 
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3.  NOS  Impact 

HMX:  All  HMX  concentrations  on  steel  anvils  (200,  500,  750  |ig/cm^)  had  no  reactions  at  the  1000  mm  drop 
height. 

All  HMX  concentrations  on  wood  anvils  (200,  500,  750  pg/cm^)  had  no  reactions  at  the  1000  mm  drop 
height. 

All  HMX  concentrations  on  concrete  anvils  (200,  500,  750  pg/cm^)  had  no  reactions  at  the  1000  mm 
drop  height. 

TATB:  All  TATB  concentrations  on  steel  anvils  (200,  500,  750  pg/cm^)  had  no  reactions  at  the  1000  mm  drop 

height. 

All  TATB  concentrations  on  wood  anvils  (200,  500,  750  pg/cm^)  had  no  reactions  at  the  1000  mm  drop 
height. 

All  TATB  concentrations  on  concrete  anvils  (200,  500,  750  pg/cm^)  had  no  reactions  at  the  1000  mm 
drop  height. 

HBNQ:  All  HBNQ  concentrations  on  steel  anvils  (200,  500,  750  pg/cm^)  had  no  reactions  at  the  1000  mm  drop 
height. 

All  HBNQ  concentrations  on  wood  anvils  (200,  500,  750  pg/cm^)  had  no  reactions  at  the  1000  mm  drop 
height. 

All  HBNQ  concentrations  on  concrete  anvils  (200,  500,  750  pg/cm^)  had  no  reactions  at  the  1000  mm 
drop  height. 

NC:  The  750  pg/cm^  concentration  on  the  steel  anvil  had  a  positive  reaction  at  the  1000  mm  drop  height.  All 

other  concentrations  on  steel  (200,  500  pg/cm^)  had  no  reactions  at  the  1000  mm  drop  height. 

All  NC  concentrations  on  wood  anvils  (200,  500,  750  pg/cm^)  had  no  reactions  at  the  1000  mm  drop 
height. 

All  NC  concentrations  on  concrete  anvils  (200,  500,  750  pg/cm^)  had  no  reactions  at  the  1000  mm  drop 
height. 

tetryl:  All  tetryl  concentrations  on  steel  anvils  (200,  500,  750  pg/cm^)  had  no  reactions  at  the  1000  mm  drop 

height. 

All  tetryl  concentrations  on  wood  anvils  (200,  500,  750  pg/cm^)  had  no  reactions  at  the  1000  mm  drop 
height. 

All  tetryl  concentrations  on  concrete  anvils  (200,  500,  750  pg/cm^)  had  no  reactions  at  the  1000  mm 
drop  height. 

TNT:  750  pg/cm^  on  the  steel  anvil  had  no  reactions. 

750  pg/cm^  on  the  wood  anvil  had  no  reactions. 

750  pg/cm^  on  the  concrete  anvil  had  no  reactions. 
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RDX:  750  |ig/cm^  on  the  steel  anvil  had  no  reactions. 

750  |ig/cm^  on  the  wood  anvil  had  no  reactions. 

750  |ig/cm^  on  the  concrete  anvil  had  no  reactions. 

AP:  750  |ig/cm^  on  the  steel  anvil  had  no  reactions. 

750  |ig/cm^  on  the  wood  anvil  had  no  reactions. 

750  |ig/cm^  on  the  concrete  anvil  had  no  reactions. 

4.  ABL  Electrostatic  Discharge 

All  concentrations  (50,  75,  100  |ig/cm^)  of  all  contaminants  had  at  least  one  reaction  to  electrostatic  discharge. 
The  individual  test  sheets  were  provided,  along  with  a  list  of  the  pin  number  and  the  reaction.  The  NC 
contaminated  pins  were  retested. 

5.  The  tests  were  completed  on  November  2,  2000.  Testing  was  conducted  at  NSWC  Indian  Head,  in  the 
Hazard  Characterization  Lab,  Building  888.  If  there  are  any  questions,  please  call  the  Hazard  Characterization 
Group  at  301-744-4109  or  send  a  FAX  at  301-744-4116. 


Daniel  Remmers 

Hazard  Characterization  Group 
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5100 

Ser  9410G/16/dr 
21  February  2001 

MEMORANDUM 

To;  Anne  Cards  2150K 
From:  Dan  Returners  9410G 

Subj;  SENSITIVITY  TESTING  FOR  HMX  CONTAMINATED  STEEL 
Ref:  (a)  Request  by  A.  Cards,  Code  2150K  on  6  February  2001. 


1.  As  requested  by  reference  (a),  ABL  friction  testing  was  performed  on  steel 
contaminated  with  HMX.  The  concentrations  provided  were  200  and  500  pg/cm2. 


2.  Both  the  200  and  500  jag/cm2  concentrations  on  the  steel  anvil  had  positive 
reactions  at  980  psig.  The  individual  worksheets  are  attached. 


3.  The  tests  were  completed  on  February  13,  2001.  Testing  was  conducted  at 
NSWC  Indian  Head,  in  the  Hazard  Characterization  Lab,  Building  888.  If  there 
are  any  questions,  please  call  the  Hazard  Characterization  Group  at  301-744-4109 
or  send  a  FAX  at  301-744-4116. 


Daniel  Remmers 

Hazard  Characterization  Group 
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ABL  FRICTION  TEST 


sample  name;  HMX  contaminated  steel 
sample  ID;  200  |ig/cm2 
sample  prep;  residue 
requester;  Anne  Caris,  2150K 
operator;  T.  Tolson 


date; 
temperature; 
relative  humidity; 


2/13A)l 

29  "C 

30  % 


1  =  positive  reaction  (fire)  The  threshold  initiation  level  (TIL)  is  the  level  at  which  20  negatives 

0  =  nSQStive  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 


20  TIL  Friction:  O  psig 


Tested  on  ABL  friction  tester;  at  8  ft/sec.  with  steel  wheels 
and  steel  anvils,  in  building  888  room  104 
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ABL  FRICTION  TEST 


sampla  name:  HMX  contaminated  steel 
sample  ID:  S00(ig/c|n2 
sample  prep:  residue 
requester:  Anne  Caris,  2150K 
operator  T.  Cheslcy 


date: 
temperature: 
relative  humidity: 


2/13/01 

29 

30  % 


1  =  pOSttivd  rsaction  (fire)  The  threshold  InHiallon  level  (TIL)  is  the  level  at  which  20  negatlvesS 

0  =  nSQStive  reaction  (no-fire)  am  observed  with  at  least  one  positive  at  the  rtext  higher  level. 


20  TIL  Friction:  0  psig 


Tested  on  ABL  friction  tester;  at  8  ft/sec,  wtth  steel  wheels 
and  steel  anvils,  in  building  888  room  104 
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Ser  9410G/21/dr 
12  March  2001 


MEMORANDUM 


To:  Anne  Caris  2150K 

From:  Dan  Remmers  9410G 

Subj:  SENSITIVITY  TESTING  FOR  HMX  CONTAMINATED  STEEL 
Ref:  (a)  Requests  by  A.  Caris,  Code  2150K  on  23  February  2001. 


1.  As  requested  by  reference  (a),  ABL  friction  testing  was  performed  on  steel 
contaminated  with  HMX.  The  concentrations  provided  were  100  and  150  pg/cm^. 


2.  Both  the  100  and  150  pg/cm^  concentrations  on  the  steel  anvil  had  positive 
reactions  at  980  psig.  The  individual  worksheets  are  attached. 


3.  The  tests  were  completed  on  February  28,  2001.  Testing  was  conducted  at 
NSWC  Indian  Head,  in  the  Hazard  Characterization  Lab,  Building  888.  If  there 
are  any  questions,  please  call  the  Hazard  Characterization  Group  at  301-744-4109 
or  send  a  FAX  at  301-744-4116. 


Daniel  Remmers 

Hazard  Characterization  Group 
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ABL  FRICTION  TEST 


sample  name:  HMX  contaminated  steel 
sample  ID:  100  |Xg/cm2 
sample  prep:  residue 
requester:  Anne  Caris,  2150K 
operator:  T.  Tolson 


date: 
temperature: 
relative  humidity: 


2/28/01 
28  “C 


31  % 


psig  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20 _ comments 


980 

1 

spark 

750 

560 

420 

315 

235 

180 

135 

100 

75 

55 

40 

30 

1  =  positive  reaction  (fire)  The  threshold  initiation  level  (TIL)  is  the  level  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 


20  TIL  Friction:  0  psig 


Tested  on  ABL  friction  tester;  at  8  ft/sec,  with  steel  wheels 
and  steel  anvils,  in  building  888  room  104 
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ABL  FRICTION  TEST 


sample  name:  HMX  contaminated  Steel 
sample  ID:  150  |a,g/cni2 
sample  prep:  residue 
requester:  Anne  Caris,  2150K 
operator:  T.  Tolson 


date: 
temperature: 
relative  humidity: 


2/28/01 

28  'C 
31  % 


psig  1  2  3  4  5  _6  7  8  9  10  11  12  13  14  15  16  17  18  19  20 _ comments 


980 

l| 

sparks 

750  i 

n 

560 

420 

315 

235 

1 

180 

n 

n 

n 

135 

100 

75 

55 

40 

30 

1  =  positive  reaction  (fire)  The  threshold  initiation  level  (TIL)  is  the  level  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 


20  TIL  Friction:  0  psig 


Tested  on  ABL  friction  tester;  at  8  ft/sec,  with  steel  wheels 
and  steel  anvils,  in  building  888  room  104 
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l  EST  PLAN 
TO 

ASSESS  THE  SENSITIVITY 


OF  CONTAMINATED  SURFACES 
TO  ESTABLISH 
NON-REACTIVITY  LEVELS 
OF 

AMMONIUM  PICRATE,  TETRYL,  NG,  MTRONOL, 
HBNQ,  HMX,  NC,  TATB,  TNT,  RDX,  AND  AP 


ON 


W  OOD,  CONCRETE,  METAL  AND  TRANSITE 


Issuing  Activity 
Naval  Surface  Warfare  Center 
Indian  Mead  Division 
Indian  Head.  .Md  20640-5035 
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1.  Introductiun 

The  purpose  of  these  tests  is  to  assess  the  sensitivity  of  contaminated  surfaces  to  establish  non-reactivity 
levels  of  AMMMONIUM  PICRATE,  TETRYL.  NG.  NITRONOU  HBNQ.  HMX.  NC.  TATB.  TNT, 
RDX,  and  AP  on  wood,  concrete,  metal  and  transite. 

2.  Objectives 

The  objectives  of  this  testing  effort  arc  to; 

•  Determine  the  minimum  explosive  concentration  level  tliat  will  cause  a  reaction  on  an  impact,  friction 
or  ESD  machine  using  various  explosives  at  various  contamination  levels. 

3.  Test  Methodology 

2  metal  friction  plates  will  be  sent  to  the  analytical  laboratory  to  be  contaminated  with  red  dye,  HMX 
and  .solvent  at  200pg/cm*and  750pg/cin^  levels.  This  will  help  visualize  the  uniformity  of  the 
contaminates. 

3  metal  friction  plates  will  be  sent  to  the  analytical  laboratory  to  be  contaminated  with  HMX  at 
S0pg/cm^  lOOpg/cm^  and  500pg/cm^  levels.  These  plates  will  then  be  tested  for  uniformity  of 
contamination  in  different  areas  of  the  plate.  A  mask  consisting  of  five  squares  will  be  placed  on 
the  plates  and  samples  from  each  test  square  will  be  taken  using  a  swab  .saturated  with  a  solvent 
capable  of  removing  the  HMX.  presumably  acetonitrile  (ACN).  A  minimum  of  three  swabs  will  be 
used  at  each  test  location  to  ensure  complete  extraction. 

I'he  explosive  to  be  tested  will  be  dissolved  in  standard  solution.  The  contamination  area  of  the  plate, 
or  anvil  (test  item)  will  be  marked  and  the  surface  area  calculated.  The  quantity  of  solution  necessary 
to  deposit  the  desired  contamination  level  will  then  be  calculated  and  this  amount  placed  unifonniy 
over  the  surface  of  the  test  item. 

Friction  plates,  impact  anvils  and  ESD  anvils  with  various  explosives  and  at  various  concentrations 
will  then  be  contaminated.  Once  dry,  the  test  items  will  undergo  impact,  friction  and  ESD  testing  to 
determine  at  what  concentration  there  may  be  a  reaction. 

Control  plates  and  anvils  will  be  contaminated  at  various  levels  and  carried  around  with  the  test  items 
but  not  tested.  These  controls  will  then  be  returned  to  the  analytical  laboratoiy  to  have  quantitative 
analysis  performed  to  check  the  contamination  level.  Tliis  is  to  see  if  degradation  of  the  sample 
concentration  is  affected  by  handling. 
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4.  Test  Apparatus  and  Hardware 

4.1.  Friction  Plates  will  be  made  of  wood,  metal,  transite  and  metal  filled  with  concrete.  Figure  4.1 
shows  a  typical  friction  plate  and  the  area  to  he  contaminated. 


Figure  4.1.  Typical  Friction  Plate 

4.2.  Impact  Anvils  will  be  made  of  wood,  metal,  transite  and  metal  tilled  with  concrete.  Figure  4.2 
shows  a  typical  impact  anvil.  The  whole  top  of  the  aitvil  will  be  the  area  of  contamination. 


TOP  VIEW  OF  ANVIL 


SIDE  VIEW  OF  ANVIL 


Figure  4.2.  Typical  Impact  Anvil 
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4.3.  BSD  Anvils  and  Holder  will  be  made  of  metal.  Figure  4.3  .shows  a  typical  BSD  anvil  and 
holder. 


4.4.  NOS  Impact  Tester  with  a  S  kilogram  drop  weigitt,  type  12  steel  striker,  and  supplied  impact 
anvils  as  outlined  in  table  S.l. 

4.5  ABL  Friction  1'cstcr  with  steel  friction  wheel  and  supplied  friction  plates  as  outlined  in  table 
5.1.  Plate  velocity  is  8  feet  per  second. 

4.6  ABL  Model  1 30  Electrostatic  Discharge  tester,  operating  at  S.8  kilovolts,  with  supplied  anvils 
as  outlined  in  table  S.l. 

5.  Test  Articles 

Tabic  3.1  contains  the  contaminants  and  the  levels  to  which  the  item  is  to  be  contaminated,  the  substrate 
and  test  required. 


Table  S.l.  Required  contamination 

• 

Contaminant 

Contaminant  Level 

Substrates 

Test 

AMMONIUM 

so  pg/cm^ 

1  metal  plate (1  fortesting) 

friction 

PICRATB 

75  pg/cm^ 

1  metal  plate (1  fortesting) 

friction 

1 00  pg/cm* 

1  metal  plate  (1  for  testing) 

friction 

200  pg/cm’ 

2  metal  plate.  2  wood  plate,  2  concrete  plate,  2 
transitc  plate  ( 1  for  testing  +  1  for  control) 

friction 

300  pg/cm* 

1  metal  plate,  1  wood  plate,  1  concrete  plate, 

1  transitc  plate  (1  for  testing) 

friction 

750  pg/cm* 

1  wood  plate,  1  concrete  plate,  1  transitc  plate 
(1  fortesting) 

friction 

30  pg/cm* 

1  metal  anvil (1  fortesting) 

impact 

75  pg/cm* 

1  metal  anvil  (1  fortesting) 

impact 

1 00  pg/cm* 

1  metal  anvil (1  fortesting) 

impact 
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200  ng/cm' 

500 

750  ng/cm* 

50  n(f/cm‘ 

75  ng/cm^ 

1 00  [ig/cm^ 

1  metal  anvil,  1  vvuod  anvil,  1  concrete  anvil,  1 
transitc  anvil  (1  fortesting) 

2  metal  anvil,  2  wood  anvil,  2  concrete  ajtvil,  2 
transite  anvil  (1  for  testing  +  1  for  control) 

1  wood  anvil,  1  concrete  anvil,  1  transite  anvil 
(1  fortesting) 

21  metal  anvils  (20  for  testing  +  1  for  control) 

20  metal  anvils  (20  for  testing) 

20  metal  anvils  (20  for  testing) 

impact 

impact 

impact 

ESD 

BSD 

BSD 

TETRYL 

200  gg/cn)^ 

1  transitc  plate,  1  concrete  plate  (1  for  testing) 

friction 

500  ►ig/em^ 

2  transitc  plate,  2  concrete  plate  ( 1  for  testing  +  1 
for  control) 

friction 

750  gg/cm‘ 

1  transitc  plate,  1  concrete  plate  ( 1  for  testing) 

friction 

200  ng/cm‘ 

2  transitc  anvil.  2  concrete  anvil  (1  for  testing  +  1 
for  control) 

impact 

500  ng/cm* 

1  transite  anvil,  1  concrete  anvil  (1  fortesting) 

impact 

750  gg/cm* 

1  transite  anvil.  1  concrete  anvil  (1  fortesting) 

impact 

NG 

50  gg/cm’ 

1  metal  plate  (1  for  testing) 

friction 

75  gg/cm^ 

1  metal  plate  ( 1  for  testing) 

friction 

100  gg/cni’ 

1  metal  plate  (1  fortesting) 

friction 

200  gg/'cni’ 

1  metal  plate,  1  wood  plate,  1  concrete  plate,  1 
transitc  plate  ( 1  for  testing) 

friction 

500  gg/cm’ 

2  metal  plate.  2  wood  plate,  2  concrete  plate,  2 
transite  plate  (1  for  testing -F  1  for  control) 

friction 

750  gg/cm^ 

1  wood  plate.  1  concrete  plate,  1  transitc  plate 
(1  for  testing) 

friction 

50  gg/cm" 

1  metal  anvil  (1  fortesting) 

impact 

75  gg/cm^ 

1  metal  anvil  (1  fortesting) 

impact 

100  gg/cm’ 

1  metal  anvil  ( 1  for  testing) 

impact 

200  gg/cm’ 

2  metal  anvil,  2  wood  anvil,  2  concrete  anvil,  2 
transite  anvil  (1  for  testing  +  1  for  control) 

impact 

500  gg/cm’ 

1  metal  anvil.  1  wood  anvil,  1  concrete  anvil,  1 
transite  anvil  ( 1  for  testing) 

impact 

750  gg/cm’ 

1  wood  anvil,  1  concrete  anvil,  1  transitc  anvil 
(1  for  testing) 

impact 

50  gg/cm’ 

21  metal  anvils  (20  for  testing -F  I  for  control) 

ESD 

75  gg/cm’ 

20  metal  anvils  (20  for  testing) 

ESD 

100  gg/cm’ 

20  metal  anvils  (20  for  testing) 

ESD 
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Conluminant 

Contaminant  Level 

Substrates 

Test  1 

NITRON  A  L 

50  ng/cm^ 

1  metal  plate  (1  fortesting) 

friction  1 

75  (tg/cm^ 

1  metal  plate  ( 1  for  testing) 

friction  1 

100  |»g/cm^ 

1  metal  plate  ( 1  for  testing) 

friction 

200  Mg/cm^ 

1  metal  plate.  1  wood  plate,  1  concrete  plate.  1 
transite  plate  (1  for  testing) 

friction 

500  jtg/cm* 

2  metal  plate,  2  wood  plate,  2  concrete  plate.  2 
transite  plate  (1  for  testing  +  1  for  control) 

friction 

750  Mg/cni’ 

1  wood  plate,  1  concrete  plate,  1  transite  plate 
(1  fortesting) 

friction 

50  gg/cin‘ 

1  metal  anvil  (1  fortesting) 

impact 

75  jig/cm* 

1  metal  anvil  (1  fortesting) 

impact 

1 00  ng/cm^ 

1  metal  anvil  (1  for  testing) 

impact 

200  |ig/cm^ 

2  metal  anvil,  2  wood  anvil,  2  concrete  anvil,  2 
transite  anvil  (1  for  testing  +  1  for  control) 

impact 

500  ng/cm^ 

1  metal  anvil,  1  wood  anvil,  1  concrete  anvil,  1 
transite  anvil  (1  for  testing) 

impact 

750  tig/cm* 

1  wood  anvil,  1  concrete  anvil,  1  transite  anvil 
(1  fortesting) 

impact 

50  ng/cm^ 

20  metal  anvils  (20  for  testing) 

ESD 

75  gg/cm* 

21  metal  anvils  (20  for  testing -*•  1  for  control) 

ESD 

1 00  ng/cm^ 

20  metal  anvils  (20  for  testing) 

ESD 

lIBNO 

200  ng/cm‘ 

2  transite  plate.  2  concrete  plate  (1  for  testing  1 
for  control) 

friction 

500  ng/cm’ 

1  transite  plate,  1  concrete  plate  (1  fortesting) 

friction 

750  ng/cm’ 

1  transite  plate,  1  concrete  plate  (1  for  testing) 

friction 

200  gg/cm* 

1  tfansitc  anvil,  1  concrete  anvil  (1  for  testing) 

impact 

500  ng/cm’ 

2  transite  anvil,  2  concrete  anvil  ( 1  for  testing  +  1 
for  control) 

impact 

750  ng/cm^ 

1  transite  anvil.  1  concrete  anvil  (1  fortesting) 

impact 

HMX 

200  ng/cm^ 

1  transite  plate,  1  concrete  plate  (1  for  testing) 

friction 

500  Mg/cm’ 

2  transite  plate,  2  concrete  plate  ( 1  for  testing  -*■  1 
for  control) 

friction 

750  |ig/cm* 

1  transite  plate,  1  concrete  plate  ( 1  for  testing) 

friction 

200  )ig/cm^ 

1  transite  anvil,  1  concrete  anvil  (1  for  testing) 

impact 

500  ng/cm^ 

1  transite  anvil,  1  concrete  anvil  (1  for  testing) 

impact 

750  >ig/cm‘ 

2  transite  anvil,  2  concrete  anvil  (1  for  testing  1 
for  control) 

impact 
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Contaminant 

Contaminant  Level 

Substrates 

Test 

NC 

200  fig/cm* 

1  transite  plate.  1  conereie  plate  ( 1  for  testing) 

friction 

500  ng/cm* 

1  transite  plate,  I  concrete  plate  ( 1  for  testing) 

friction 

750  fig/cm‘ 

2  transite  plate,  2  concrete  plate  (I  for  testing  1 
for  control) 

friction 

200  ng/em’ 

2  transite  anvil,  2  concrete  anvil  (1  for  testing  +  1 
for  control) 

impact 

500  ng/cm^ 

1  transite  anvil.  1  concrete  anvil  (1  for  testing) 

impact 

750  |ig/cm’ 

1  transite  anvil,  1  concrete  anvil  (1  for  testing) 

impact 

TATB 

200  fig/cm'' 

2  transite  plate,  2  concrete  plate  ( 1  for  testing  +  1 
for  control) 

friction 

500  fig/cm^ 

1  transite  plate,  1  concrete  plate  ( 1  for  testing) 

friction 

750  (ig/cm^ 

I  transite  plate.  1  concrete  plate  ( 1  for  testing) 

friction 

200  |ig/cm‘ 

1  transite  anvil.  1  concrete  anvil  (I  for  testing) 

impact 

500  ng/em’ 

2  transite  anvil,  2  concrete  anvil  (1  for  testing  1 
for  control) 

impact 

750  |ig/em* 

1  transite  anvil,  1  concrete  anvil  (1  for  testing) 

impact 

TNT 

200  tig/cm' 

2  transite  plate  ( 1  for  testing  +  1  for  control) 

friction 

500  ng/cm* 

1  transite  plate  ( 1  for  testing) 

friction 

750  ^g/cm^ 

1  transite  plate  ( 1  for  testing) 

friction 

200  ng/cm^ 

2  transite  anvil  (1  fortesting  +  1  for  control) 

impact 

500  ng/cm^ 

1  transite  anvil  (1  fortesting) 

impact 

750  ng/cm* 

1  transite  anvil  (1  fortesting) 

impact 

RDX 

200  tig/cm' 

1  transite  plate  ( 1  for  testing) 

friction 

500  Mg/cm* 

2  transite  plate  ( 1  for  testing  +  1  for  control) 

friction 

750  tig/em’ 

1  transite  plate  ( 1  for  testing) 

friction 

200  ng/cm’ 

1  transite  anvil  (1  fortesting) 

impact 

500  fig/cm* 

2  transite  anvil  (1  for  testing  +  1  for  control) 

impact 

750  jtg/cm* 

1  transite  anvil  (1  fortesting) 

impact 

AP 

200  ^lg/cm' 

1  transite  plate  ( 1  for  testing) 

friction 

500  (ig/em^ 

1  transite  plate  ( 1  for  testing) 

friction 

750  tig/cm^ 

2  transite  plate  ( 1  for  testing  +  1  for  control) 

friction 

200  jig/cm* 

1  transite  anvil  (1  fortesting) 

impact 

500  (ig/cm^ 

1  transite  anvil  (1  fortesting) 

impact 

750  (ig/cm^ 

2  transite  anvil  (1  for  testing  +  1  for  control) 

impact 
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6.  Prc-T««t  Inspections  and  Preparation. 

6.1  Pre-Test  Photographs  -  digital  images  of  all  tlie  contaminated  plates  and  anvils  will  be  taken  for 
documentation  purposes. 

6.2  Visually  inspect  all  test  items  after  contamination  and  before  testing. 

7.  Test  Procedure  for  Contamination  of  plates  and  anvils 

7. 1  The  goal  in  contaminating  the  plates  and  anvils  is  to  contaminate  at  the  testing  level  requirement 
in  a  uniform  fashion.  To  achieve  tllis  goal,  a  solvent  containing  the  explosive  is  spread  over  the 
surface  to  he  contaminated.  When  tlie  solvent  evaporates,  the  surface  is  contaminated  with  tlie 
explosive  at  the  appropriate  level.  A  micropipette  is  used  to  dispense  the  exact  amount  of 
explosive  solution  needed  to  contaminate  the  surface.  Tlie  pates  and  anvils  arc  allowed  to  air- 
dry  in  the  chemical  hood. 

7.2  The  two  criteria  for  selecting  a  solvent  arc  how  well  tlie  explosive  dissolves  in  it  and  how 
quickly  it  evaporates.  Crystals  of  explosive  will  tend  to  form  around  a  seed  crystal.  It  is 
anticipated  tliat  concentrated  solutions  that  evaporate  quickly  will  result  in  more  seed  ciystals 
and  therefore  a  more  even  distribution  of  explosive  on  the  surface. 

7.3  Plates  and  anvils  are  rejected  if  tlie  explosive  solution  runs  outside  of  the  contamination  area.  I  f 
this  occurs,  the  plate  or  anvil  is  cleaned  and  recontaminated. 

8.  Test  Procedure  for  Impact  Friction  and  K.SD  Tests 

8.1  Impact  Test  Procedure 

SOP  P3098I  is  tlie  procedure  used  to  test  materials  on  the  NOS  Impact  tester.  Procedures 

specilic  to  this  test  plan  are  as  follows; 

8.1.1  Replace  the  standard  steel  anvil  with  the  supplied  contaminated  anvil  to  be  tested. 

8.1.2  Place  the  standard  .steel  striker  on  the  anvil  and  drop  the  weight  from  1000  millimeters. 

8.1.3  Record  any  of  the  following  as  a  positive  reaction:  sparks,  flame,  smoke,  noise  beyond 
ambient  impact  noise,  burn  marks,  charring.  Record  the  type  of  reaction  wlien  a  positive 
occurs. 

8.1.4  If  a  negative  reaction  occurs,  repeat  steps  8.1.2  and  8.1.3  until  10  negative  reactions  are 
recorded. 

8. 1 .5  After  the  test,  remove  but  do  not  clean  tlie  anvil. 

8.2  Friction  Test  Procedure 

SOP  P30979  is  the  procedure  used  to  test  materials  on  the  ADL  Friction  tester.  Procedures 
specific  to  this  test  plan  are  as  follows; 
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8.2.1  Replace  the  standard  steel  friction  plate  with  the  supplied  contaminated  plate  to  be  tested. 

8.2.2  Lower  the  steel  wheel  onto  an  untested  and  contaminated  area  of  the  plate  and  pump  the 
pressure  to  980  psig. 

8.2.3  Drop  the  pendulum  from  die  8  feet  per  second  position. 

8.2.4  Record  any  of  the  following  as  a  positive  reaction:  sparks,  flame,  smoke,  noise  beyond 
ambient  friction  noise,  bum  marks,  charring.  Record  the  type  of  reaction  when  a  positive 
occurs. 

8.2.5  If  a  negative  reaction  occurs,  repeat  steps  8.2.2  through  8.2.4  until  20  negative  reactions 
are  recorded. 

8.2.6  After  the  tesL  remove  but  do  not  clean  the  plate. 

8.3  ESD  Test  Procedure 

SOP  P3099S  is  the  procedure  used  to  test  materials  on  the  ABL  Electrostatic  Discharge  tester. 

Procedures  specific  to  this  test  plan  arc  as  follows: 

8.3.1  Instead  of  die  standard  sample  holder,  use  the  supplied  sample  holder  that  has  removable 
anvils. 

8.3.2  Place  an  untested  contaminated  ESD  anvil  into  the  sample  holder  and  place  the  .sample  in 
the  tc.stcr. 

8.3.3  Charge  the  O.S  microfarad  capacitor  (8.33  joules)  and  discharge  the  spark  into  the  sample. 

8.3.4  Record  any  of  the  following  as  a  positive  reaction:  sparks  or  flame  beyond  ambient  spark 
discharge,  smoke,  noise  beyond  ambient  spark  discharge,  bum  marks,  charring.  Record 
the  type  of  reaction  when  a  positive  occurs. 

8.3.5  If  a  positive  occurs  proceed  to  the  ne.xt  higher  sensitivity  level. 

8.3.6  Repeat  steps  8.3.2  through  8.3.4  until  all  20  anvils  are  tested. 

9.  Test  Procedure  for  Quantitative  Analysis 

9.1  Several  ditVerent  control  test  items  will  be  contaminated  and  walked  through  all  the 
procedural  steps  without  being  subjected  to  any  testing,  'nicsc  control  tc.st  items  will  be 
returned  to  the  analytical  laboratory  to  be  tested  for  posttest  contamination  levels. 

9.2  Once  returned  to  the  lab  the  explosives  are  removed  from  the  plates  using  the  appropriate 
solvent.  Tile  plates  are  sonicated  in  the  appropriate  solvent.  Tlie  resulting  solution  is 
filtered  through  a  0.45-micron  filter.  Solvent  contaminated  with  explosive  is  then  placed 
in  a  2-millilitcr  crimp-top  vial.  High  Performance  Liquid  chromatography  is  used  to 
quantify  the  explosive  in  solution.  The  HPLC  eluant  is  60:40,  acetonitrile:  water,  the 
flow  rate  is  Iml/min,  and  a  C- 1 8  column  is  used.  The  system  utilizes  a  diode  array 
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detector  monitoring  254  L.  Generally,  a  live-point  calibration  is  performed  using  ultra- 
pure  explosive  standards.  The  calibration  range  is  appropriate  for  tlte  test  matrix, 
generally  I  part  per  million  (PPM)  to  200  PPM.  The  calibration  curve  is  linear  witli-in  the 
test  range,  and  a  correlation  coefficient  of  O.W  or  greater  is  required  prior  to  analysis. 

10.  Test  Procedure  for  Uniformity  of  contamination  Icveb. 

1 0. 1  A  mask  will  be  made  and  placed  on  tlie  friction  plate  over  the  contamination  area  Figure 

10. 1 . 

10.2  Samples  from  each  friction  plate  will  be  taken  using  a  swab  saturated  with  a  solvent 
capable  of  removing  the  HMX.  presumably  acetonitrile  (ACN).  A  minimum  of  three 
swabs  will  be  used  at  each  test  location  to  ensure  complete  extraction  see  Figure  1 0.2. 

10.3  Tlie  three  swabs  will  be  transferred  to  a  single  scintillation  vial  and  10-15  milliliters  of 
ACN  will  be  precisely  added  by  a  previously  calibrated,  class  A,  pipette  Figure  10.3. 

The  HMX  will  be  extracted  from  the  swabs  by  either  time  dissolution  or  gentle  ulira- 
sonication.  Tlie  extraction  times  will  be  carefully  monitored  and  recorded  to  ensure 
consistent  results.  Once  extracted,  the  resulting  solutions  will  be  filtered  through  a  0.45 
um  filler  into  HPLC  auiosampler  vials  and  placed  in  the  instrument  for  analysis. 

1 0.4  The  extracted  samples  will  be  analyzed  by  High  Performance  Liquid  Chromatography 
(HPLC).  Analytical  standards  will  be  run  at  the  beginning  and  again  at  tlie  end  of  each 
batch  of  samples  to  verify  that  the  relationship  between  instrument  response  and  HMX 
concentration  remains  constant.  A  batch  will  consist  of  all  .samples  taken  from  a  single 
friction  plate:  a  single  injection  of  procedural  blank  (XI).  duplicate  injections  of 
sampling  positions  (I  -  5).  and  a  single  injection  of  procedural  blank  (X2).  Once  the 
analysis  is  completed,  the  concentration  of  HMX  for  each  position  will  he  calculated  and 
provided  for  comparison. 

10.5  The  complete  process,  mentioned  above,  would  be  repeated  for  all  friction  plates  that  are 
provided  to  the  laboratory  for  analysis,  presumably  three  (3)  friction  plates. 

NOTE:  It  should  be  mentioned  that  this  test  is  designed  to  verify  homogeneity  of  the 
contaminated  test  area,  not  the  accuracy  of  the  contamination  process.  The  latter  would 
require  a  complete  extraction  of  the  contaminated  surface:  it  is  my  impression  that  this 
has  been  performed  previously. 
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Figure  1 0.1 


Figure  10.2 


Figure  10.3 
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11.  Hold  Fire  Crilcria 

There  are  minimum  criteria  that  should  be  met  if  testing  is  to  occur.  For  this  test  they  include: 

1 1 . 1  No  pre-iesl  photograph  of  test  item 

1 1 .2  Uniform  contamination  of  test  samples. 

12.  Post-Test  Requirements 

12.1  Data  is  unofficial  until  control  samples  have  been  analy:red  for  concentration  of  explosive. 

12.2  All  anvils  and  plates  will  be  visually  inspected  and  all  anomalies  noted. 

12.3  Digital  photos  of  all  tested  plates  and  anvils. 

13.  Data  Assessment 

The  following  parameters  will  be  a.ssessed. 

13.1  Unifonn  Contamination  of  sample 

13.2  Level  of  contamination  that  causes  a  reaction. 

14.  Test  Reporting 

A  technical  report  of  the  results  will  be  submitted.  ITie  report  will  be  provided  by  IHDIV,  Code 
370LA  and  370PW,  by  mid  July  2003  and  will  include: 

14.1  Test  Description  and  results. 

14.2  Photos 
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1.0  InlriKluction 

The  purpose  document  is  to  establish  the  method  used  for  contamination  of  testing  plates  and 
anvils  with  uniform  distributions  of  AMMONIUM  PICRAITi,  TETRYT-,  NG,  NITRONAL. 
HBNQ.  HMX.  NC.  TATB,  TNT.  RDX,  and  AP. 

The  spiking  of  plates  and  anvils  was  done  in  accordance  with  the  TEST  PLAN  TO  ASSESS 
THE  SENsm\Tn^  I.F.VELS  OF  CONTAMINATED  SURFACES  TO  ESTABLISH  N0_N^ 

REACTIVrn'  I  EVEI.S.  document  number  37a'02M09. 

2.0  Objcclive 

The  objective  of  this  document  is  to  detail  the  method  for  spiking  uniform  explosive  levels  on 
the  test  materials;  friction  plates,  and  anvils.  These  test  materials  will  be  used  in  subsequent 
sensitivits’  testing. 

3.0  .Apparattis 

3.1  Impact  Test 

The  anvils  supplied  by  Code  370  personnel  were  cylindrical  in  shape,  with  the  dimensions 
1.25  inches  long  with  a  1.25  inch  diameter.  For  this  test  series,  the  standard  .steel,  type  12 
anvil,  with  the  aforementioned  dimensions,  was  replaced  w  ith  anvils  of  the  same 
dimensions  made  of  the  designated  materials,  wood,  concrete,  metal  and  transite. 

3.2  Friction  Test 

The  fnction  plates  supplied  by  Code  370  personnel  were  of  tl»e  same  dimensions  as  the 
standard  friction  plate,  2.25  by  6  inches.  For  this  test  series,  the  steel  type  plate  was 
replaced  with  plates  made  from  the  designated  materials,  wood,  coiK'rele,  metal  ai>d 
transite. 

3.3  F.SD  Test 

The  anvils  supplied  by  Code  370  personnel  were  cylindrical  m  shape,  with  the  dimensions 
0.25  inches  long  with  a  0.25  inch  diameter  The  anvils  used  were  the  standard  steel  type 
anvils. 

3.4  Laboratory  reagents 

.All  reagents  used  were  irfCC  Grade  or  better.  The  reagents  used  for  this  test  scries 
mclude  acetonitrile,  acetone,  and  methanol  and  18  ohm  water. 

3,3  Other  materials 

A  lOOOul  eppendorf  pipette  or  equivalent,  digital  cameia,  Olympus  D-500L.  or  equivalent. 

4.0  Procedures 

1.1  Preparation  of  spiking  solutions 

Solutions  were  prepared  using  TATB,  .AP.  NITRONAl.,  TETRYL,  NG,  NC,  UNIX,  TKT, 
and  HBNQ  supplied  by  Code  310.  AMMONIUM  PICRATE  was  obtamed  from  NSWC, 
Yorktown  Division. 

The  determination  of  solvent  was  based  on  the  solubility  chatacteristics  of  tlic  explosive. 
Other  considerations  in  solvent  selection  were  the  volatility  ami  toxicity  of  the  solvent. 
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Table  3.1,  below  lisis  !hc  explosives,  ihe  solvents  used  and  the  spiking  concenliaiion. 


TABLE  3.1 


EXPLOSIVE 

REFERENCE 

SOLVT.NT 

CONCENTRATION 

TATB 

Lot#98079-1 35-01 

ACETONE 

33.14ug.’u1 

AP 

Lot#7406 

WATER'ACETONE 

11.134 

NTTRONAL 

Tefdn^34-9l.  lmetn<*75-121 

RC.AIdnch 

ACETONE 

4.946 

PICRATE 

Yorktown 

WATER/METHANOL 

19.9585 

TF.TR\X 

Refit  1 3771 

ACETONT; 

3.608 

NO 

Lot4IH230-9b-NO  TK 1  - 
901 

ACETONITRn.E(ACN). 

acetone 

6.657 

NC 

LoPiiad92n  00.053 

ACET0NE''ACN 

5.518 

HMX 

Ref8 13934 

ACETONB'ACN 

3.731 

RDX 

Ub%28923 

ACETONE'ACN 

.3919 

TNT 

Ub%29194 

ACETONE'ACN 

4.657 

HBNQ 

LoWIH9 11.002-053 

METHANOL 

3.8.36 

4.2  Di'iermination  of  concentration 

The  appropriate  voluinc  of  solution  spiked  on  the  plates  or  anvils  was  determined  by  the 
following  calculation: 

[(Contamination  lcvcl)(Area)J^[Spiking  concentration] 


For  example,  usinj  TATB,  friction  plate  with  a  test  area  of  40.2cm’  and  contamination 
level  of  200ug.''cm‘,  tlic  calculated  volume  of  spiking  solution  is; 

[(2CK)ug:'cm’)(40.2cnr)]/(33.14ug.''ul}=242ul 

The  concentrations  of  the  spiking  solutions  used  arc  listed  on  Table  3. 1 .  The  area  for  the 
large  anvil  was  determined  to  he  7.54cm’.  The  area  for  the  small  anvils  was  determined  to 
be  0.28cm’. 

4.S  Contamination  of  plates  ant!  anvils 

llie  plates  and  anvils  were  spiked  with  the  calculated  volumes  of  explosive  solutions.  A 
lOOOul  eppendorf  pipette  was  used  to  measure  and  dispense  the  explosive  solutions.  'ITie 
operation  was  performed  m  a  laboratory  fume  liood  where  solvents  were  allowed  to 
evaporate  at  room  tcmpcTature 

4.4  Documentation 

Surfaces  of  the  spiked  anvils  and  plates  were  recorded  using  an  Olympus  D50OL  digital 
camera.  The  records  were  transferied  to  a  compact  disk  and  provided  to  Code  370 
personnel. 
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1.0  Introduction 

The  purpose  of  this  daciinient  is  to  establish  tlic  method  used  for  extraction  and  analysis  of 
control  plates  and  anvils  previotisly  contaminated  with  explosive. 

The  extraction  and  analy$i.s  of  explosive  residue  on  plates  and  anvils  was  done  in  accordance 
with  the  TEST  PLAN  TO  ASSF.SS  THE  SENSITIVITY  LEVULS  OF  COKTAMfNATF.D 

SURFACES  TO  ESTABMSH  NON-REACTIVm'  LEVELS,  document  iiiimbci 

2.0  Objective 

The  objective  of  tins  document  is  to  detail  the  method  for  extraction  and  analysis  of  explosive 
residue  on  the  test  materials;  friction  plates,  and  anvils.  These  test  materials  were  controls 
used  in  sensitivity  testing. 

3.0  Appuratus 

3.1  Impact  Tesr 

The  anvils  supplied  by  Code  370  personnel  were  cylindrical  in  shape,  with  the  dimensions 
1 ,25  inches  long  with  a  1 .25  inch  diameter,  for  this  test  series,  the  standard  steel,  type  1 2 
anvil,  with  the  aforementioned  dimensions,  was  replaced  with  anvils  of  the  same 
dimensions  made  of  the  designated  materials,  wood,  coiKietc,  metal  and  tronsite. 

3.2  Friction  Test 

The  friction  plates  supplied  by  Code  370  peisonnci  were  of  the  same  dimensions  as  the 
standard  friction  plate.  2.25  by  6  inches.  For  this  test  scries,  the  steel  type  plate  was 
replaced  with  plates  ma<le  finm  ilic  designated  materials,  wood,  conciele,  metal  and 
transitc. 

3.3  USD  Test 

The  anvils  supplied  by  Code  370  peisonnci  were  cylindrical  in  shape,  with  llie  dirnensioas 
0.25  inches  long  with  a  0.25  inch  diameter.  The  anvils  used  were  the  standaid  steel  type 
anvils. 

3.4  Laboratory  reagents 

All  reagents  used  were  optima  grade.  The  reagents  used  for  this  test  .scries  include 
acetonitrile,  acetone,  mcthlnol  and  18  ohm  water.  Helium  gas  tank  equipped  with  Dtyrite 
gas  purifier,  part  number  27068,  or  equivalent.  HPI.C  grade  sodium  carbonate,  IIPLC 
grade  boric  acid.  55%  telia-n-hutylammnnium  hydroxide,  and  ultra-pure  coiicentiatcd 
sulfuric  acid 

3.5  Other  materials 

Glassware  including  lOOml.  volumetric  flasks.  25inL  volumetric  flasks,  20ml.  scintillation 
vials,  50mL  beakers  and  8.5  X  4.5  X  2.5  Pyrex  loaf  pans.  Repipetor  capable  nf  delivering 
a  lOmL  volume.  Syringes  and  adaptable  45uM  filters.  Hewlett  Packanl  1 100  series  liquid 
chromatography  system  equipped  with  a  photodiode  array  detector.  Dioncx  500  scries  ion 
chromatography  system  equipped  with  an  anionic  conductivity  detector.  Spectronic  20 
Genesis  UV-vis  single  wavelength  spectrophotometer.  Chromatography  columns 
tncluding:  Agilent  hypcisil  ODS,  Sum.  2.1  X  lOOmm,  or  equivalent,  Phcnomcnex 
phenogel  5,100  A,  300  X  7.Smm  or  equivalent,  Ultrastyrogel  lO’  A  or  equivalent  and 
l.una  250  X  4.60mm.  5u,  C-18  or  equivalent.  Autosampicr  vials  including  2mL  clear 
erimp-top  with  Teflon  seals,  and  Dionex  5ml.  vials  with  filler  caps.  Cnmper  for  2ml. 
vials.  Aluminum  foil. 
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4.0  Procedures 

4. 1  Extraciion  o/  explou'vr  from  anvils  anil  plates 

Friction  plates  were  placed  in  8.5  X  4.5  X  2.5  Pyrex  loaf  pans  for  extraction  of  explosive. 
Impact  anvils  were  placed  in  a  50ml.  beaker  for  extraction  of  explosive.  ESD  anvils  were 
placed  in  20mL  scintillalion  vials.  The  plates  were  covered  with  lOOmL  of  solvent, 
impact  anvils  were  covered  with  25ml.  of  solvent,  and  ESD  anvils  were  covered  with 
I  OmL  of  .solvent.  Appropriate  solvents  are  listed  in  table  4.1. 

All  plates  and  anvils  were  covered  with  aluminum  foil  and  allowed  to  soak  in  the 
extraction  solvent  for  a  mmimum  of  24  hours.  Solutions  were  periodically  agitated  by 
hand  while  soaking. 

Following  extraction,  the  lOOmL  of  solvent  used  to  cxUact  the  explosives  from  the  plates 
Solvent  was  quanlitatrvely  transferred  to  a  lOOrnl.  volumetric  ilask.  The  loaf  pans  were 
rinsed  with  the  raise  solvent  being  added  to  the  volumetric  flask.  Similarly,  the  25ml,  of 
solvent  used  to  extract  the  explosives  from  the  impact  anvils  was  added  to  a  25mL 
volumetric  flask  The  beakers  were  rinsed,  and  the  rinse  solvent  was  added  to  the 
volumetric  flask 

The  extract  solutions  were  brought  to  volume.  An  aliquot  from  each  solution  was  drawn 
mto  a  syringe  and  filtered  through  a  45um  filter  into  the  appiopriate  autosamplcr  vial. 


Table  4.1 


F,XPLOSIVE 

SOLVENT 

I'ATB 

DIMETHYLFORMA.M1DE 

AP 

WATER 

NITRONAL 

ACETONITRILE 

PICRATE 

WATER 

TETRYL 

ACETONITRILE 

NG 

ACETONITRILE 

NC 

TETRAHYDOFURAN 

HMX 

ACETONITRILE 

RDX 

.  ACETONITRILE 

TNT 

ACETONITRILE 

HBNQ 

water 

4.2  Instrumental  analysis  of  explosive  attract 

A  Hewlett  Packard  1 100  series  LC  equipped  with  a  photodiode  array  detector  was  used  in 
ihe  determination  of  HMX,  RDX,  tetryl,  TNT,  nitranol.  and  NG.  The  following  are  the 
instrumental  paiameters: 

Column:  Tuna  250  X  d.bOmm.  5u.  C-18 

Eluant:  70%  acctonilnleV30%  1 8-ohm  water 

Temperamre:  ambient 

Flow  rate:  I  mL'min 

Wavelength:  2 1 5  and  254k 

Injection  volume:  lOuT 
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A  Dioiwx  series  500 IC  was  equipped  with  an  anion  conduclivity  detector  was  used  in 
determination  of  ammonium  perchlorate.  The  followiim  arc  the  instrumental  parameters: 

Column;  Agilent  hypersil  ODS.  Sum.  2.1  X  100mm 
Eluant:  15%  acetonitrile 

15g  bone  acid.''  lOOOmL 

2ni.M  lelia-n-bulylammonium  hydroxide 

85%  18  ohm  water 

degas  then  add  0.25g  sodium  carbonate;  lOOOmL 
Temperature:  ambient 
I'Tow  rate:  0.7mlj'min 
Injection  volume;  25uL  loop 

KegenetanI:  3mL  ultra-pure  sailfuric  acid'  4L  IS-ohm  water,  degas 
Regenerant  (low;  .3ml..'min 

A  Hewlett  Packard  1 100  scries  LC  equipped  with  a  photodiode  airay  detector  was  used  in 
the  detennination  of  NC.  The  following  arc  the  instrumental  parameters; 

Columns:  Phcnomcnex  phenogel,  100  A,  300  X  7.Rmm.  and  Ultrastyrogel  lO' A 

Eluant:  Tetrahydrofiiran  degassed  blanketed  with  He  at  3  psi 

Flow  rate;  ImL  min 

Injection  volume:  lOuL 

Temperamre:  30C 

Wavelength:  2 1 IX 

A  Spectronic  20  Genesis  ITX'-vis  single  wavelength  spectrophotometer  was  used  for 
TATB  and  explosive  D  analysis,  flic  wavelength  used  was  422X. 

4.3  Generation  of  Standard  Curve 

For  all  of  the  analysis  described  in  section  4.2  above,  a  standard  curve  was  generated.  The 
curve  consisted  of  a  .series  of  standard  solution  spikes.  Explosive  lot  numbers  used  for  the 
standard  solutions  ate  listed  in  Table  3.1  in  the  document  Method  of  Spiking  Plates  and 
Anvils  for  Sensitivity  Testing  of  Wood.  Concrete.  Metal  and  Transite  Surfaces 
Contaminated  with  Ammonium  Picralc,  Tctryl,  NG.  Nitronal.  HPNO.  HMX.  NC.  TATB. 
TNT.  RDX.  and  AP  The  detector  response  was  plotted  as  a  function  of  concentration.  In 
all  cases,  the  detector  response  was  linear.  A  cortelaliun  coelTicicnt  of  0.99  or  better  was 
attumed  for  all  standaid  curves.  Included  in  each  standard  curve  was  a  spike  from  the 
standard  solutions  used  in  spiking  plates  and  anvils  for  sensitivity  testing. 

4.4  Catcutation  of  Yieid 

The  total  weight  of  explosive  on  the  plate,  using  a  plate  spiked  at  200ug''cm*  as  an 
example,  is  calculated  as  follows; 

200ug.'cm-  X  40.2cm^  =  8040ug  total 

The  value.  40.2cm’ ,  is  llie  area  of  the  friction  plate  surface  that  is  spiketl  with  explosive. 
The  standard  curves  were  generated  in  standaid  concentration  units  of  parts  per  million 
(ppm)  of  explosive.  Tlicicforc,  the  concentration  of  explosive  expected  is  calculated  as 
follows: 


(8O40ug.'100mLKI000mL.'lL)(  Img/IOOOug)  =  80.4mg''L 
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From  section  4.1,  the  lOOmL,  in  the  above  expression,  is  the  volume  of  extraction  solvent 
used  for  friction  plates  Tlie  unit,  ,  is  synon)Tnous  with  ppm.  Ilierefote,  for  the 
ihetion  plate  spiked  with  200ug.'cin' ,  the  expected  concentration  of  explosive  is  80,4ppm. 
This  information  can  be  used  to  calculate  the  expected  concentration  of  explosive  for 
friction  plates  spiked  wilh  oilier  amounts  of  explosive.  'Ihe  following  is  an  example  of 
such  a  calculation  for  a  plate  spiked  with  500ug/cm'  of  explosive: 

(80.4ppm''200ug.''em')  X  SOOug'cm’  -  201  ppm 

Table  4.2  lists  Ihe  expected  ppm  values  for  the  extractions  of  all  of  Ihe  explosives  ftom  the 
plates  and  anvils  spiked  at  different  concentrations.  The  calculations  for  Ihe  anvils  are 
done  in  the  same  manor  as  the  calculations  described  in  this  section.  The  area  used  for  the 
impact  anvil  calculation  is  7.S4cm'  and  the  area  used  for  the  liSD  anvil  calculation  is 
0.2«cm-. 


Table  4.2 


Friction 

Plate 

Impact 

Anvil 

ESD 

Anvil 

.Spike 

ug'cm’ 

Expected 

ppm 

Spike 

ug^'em" 

Expected 

ppm 

Spike 

ugi'em^ 

Expected 

ppm 

200 

80.4 

200 

60.3 

50 

1.4 

500 

201 

500 

150.8 

750 

302 

750 

226.2 

5.0  Results 

5.1  Percem  reronerj' 

The  expected  recovery  for  all  of  the  spiked  lest  materials  is  listed  in  Table  4.2.  The 
extraction  solutions  were  run  against  standard  curves  generated  as  described  in  section  4.2 
and  4.3  of  ibis  document.  The  concentration  for  each  solution  was  calculated  using  the 
equation  of  the  line  generated  in  the  standatd  curve.  Results  of  the  concentration  were 
obtained  in  ppm.  Recoveries  listed  as  a  percent  of  the  total  expected  recovery  is  listird 
below  in  Table  5.1. 

5.2  Analytical  Interferencf 

Explosive  D  and  TATB  were  both  analyzed  using  a  single  wavelength  detector  without 
prior  .separation.  The  correlation  coefficients  were  0.99  or  better  for  the  standard  curves 
generated.  Specifically.  Explosive  D  and  ITBNQ  holh  have  absorbance  maxiiiiums  in  llie 
yellow  region  of  the  visible  spectra.  Tire  high  recoveries  arc  most  likely  due  to 
interference.  A  potential  inlerfereiKe  is  the  yellow  from  the  oxidation  of  iiielal. 


The  mtranol  chromatogram  showed  some  interference  in  Ihe  TMF.TN  and  TEGDN  peak 
windows.  The  EC  peak  was  well  separated  from  Ihe  majority  of  die  peaks  in  the 
chromatogram;  therefore  F.C  was  used  to  quantify  Ihe  nilranol.  Altliough  TMETN  and 
TEGDN  standard  curves  had  a  correlation  coeflicienl  of  0.99  or  better,  the  EC  was  lower. 
Nilranol  is  a  mixture  of  four  compounds  within  a  spixified  range  of  amounts.  Using  only 
one  siandnid  source,  a  correlation  belter  than  0.99  is  obtained.  The  curve  could  not  be 
verified  using  a  second  source  standard,  therefore  the  confidence  level  in  the  results  table 
Is  recorded  as  <  5%. 
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I'ablr  S.l 


F.xplosivc 

i'esl  material 

Spike  (ug/cm‘) 

Recoveiy  (%) 

leliyl 

Cement  Anvil 

200 

5 

Tctrvl 

Resin  Anvil 

SOO 

3 

letrvl 

Cement  Plate 

500 

3 

Tetryl 

Resin  Plate 

$00 

6.5 

linKQ 

Cement  Anvil 

500 

ND 

HBNQ 

Resin  Plate 

200 

15.5 

IIBNO 

Cement  Plate 

286 

ND 

AP 

Resin  Plate 

750 

ii 

UNIX 

Cement  Anvil 

750 

52 

HMX 

Cement  Anvil 

SOO 

1$ 

MMX 

Cement  Plate 

500 

5 

HMX 

Cement  Plate 

500 

18 

INT 

Resin  Plate 

200 

3 

NG 

nSD  Anvil 

50 

ND 

NG 

Cement  Plate 

200 

1 

NU 

Wood  Plate 

500 

42,4 

KG 

Metal  Plate 

500 

ND 

KG 

Resm  Plate 

500 

ND 

KG 

Cement  Plate 

.500 

ND 

Explosive  D 

Wood  Plate 

200 

38 

Explosive  D 

Resm  Plate 

200 

00 

Explosive  D 

Cement  Plate 

200 

I.i2 

Explosive  D 

Metal  Plate 

200 

12 

Explosive  D 

Resin  Anvil 

2UU 

103 

Explosive  L) 

Wood  Anvil 

500 

14  ' 

Explosive  D 

Cement  Anvil 

500 

65 

Explosive  D 

Metal  Anvil 

Too 

125 

Kitranol 

ESD  Anvil 

75 

ND 

Nilranol 

Wood  Anvil 

200 

<5 

Kitranol 

Resin  Anvil 

500 

<5 

Nilranol 

Cement  Amil 

200 

<5 

Kitranol 

.Metal  Anvil 

200 

w 

Kitranol 

Metal  Plate 

155 

ND 

Kitranol 

Wood  Plgte 

500 

<5 

Nilranol 

Cement  Plate 

500 

<5 

Kitranol 

Resm  Plate 

500 

<5 

NC 

Resin  Plate 

750 

tnlerfereiice 

NC 

Cement  Plate 

750 

interference 

NC 

Cement  Anvil 

200 

interference 

6.0  ConcluNlOllS 

Across  the  range  of  explosives  and  materials,  the  recoveries  are  very  low.  It  can  be  anticipated 
lhal  the  porosity  of  the  wood,  resin  (transite)  and  cement  may  lower  the  recovery.  The  metal 
test  materials  however  should  have  recoveries  apprx>aching  lOtWi'i  if  the  explosrve  were  still  on 
the  surface.  All  of  the  explosives  have  some  vapor  pressure  and  go  off  as  a  gas  over  time.  The 
process  of  becoming  a  gas  is  hastened  by  increasing  the  temperature,  or  by  curicnts  passing 
over  tire  surface.  Further,  m  the  case  of  TNT,  if  not  the  other  explosives,  there  is  some 
photndegradation. 
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1  Introduction 

The  purpose  of  these  tests  is  to  tissess  the  sensitivity  of  contaminated  surfaces  to  establish 
non-reactivity  levels  of  AMMMONIUM  PICRATE.  TETRYL.  NG.  NITRONAL, 

HBNQ,  HMX,  NC,  TATB,  TNT,  RDX,  and  AP  on  wood,  concrete,  metal,  and  transitc. 

The  testing  was  done  in  accordance  with  test  plan  preptircd  by  Lisa  Aliff  and  Ptiiil 
Wallman— TE5T  PLAN  TO  A.SSHS.S  THE  SEN,srriVlTY  LEVELS  OF 
CONTAMINATED  SURFACES  TO  E-STAni.lSIl  NON-RHACTIVITY  LEVni^S. 
document  number  370/02/109. 

2  Objective 

The  objective  of  this  testing  is  to  determine  the  minimum  explosive  concentration  level 
that  will  cause  a  reaction  on  an  impact,  friction,  or  BSD  machine  using  various  explosives 
at  various  contamination  levels. 

3  Test  .Apparatus  and  Hardware 

3.1  Impact  Test 

The  apparatus  used  is  the  NOS  Impact  Tester.  It  uses  a  5  kilogram  drop  weight,  tj^x:  12 
steel  striker,  and  the  supplied  anvils  as  described  in  the  test  plan. 

Type  12  tooling  consists  of  a  1 .2.5  inch  diameter  by  1.25  inch  long  cylinder  of  hardened 
steel  used  as  an  anvil,  with  a  1 .25  inch  diameter  by  3.5  inch  long  cylinder  of  hardened 
steel  used  as  a  striker. 

For  tltis  test  scries,  the  standard  type  12  anvil  was  replaced  with  anvils  of  the  same 
dimensions  made  from  the  designated  materials:  wood,  concrete,  metal,  and  transitc. 

For  this  test  scries,  the  drop  height  used  was  lOOO  millimeters,  which  is  the  maximum 
height  available  for  this  impact  tester. 

3.2  Friction  Test 

The  apparatus  used  is  tlie  ABL  Friction  Tester.  It  uses  a  steel  friction  wheel,  and  the 
supplied  friction  plates  as  described  in  the  test  plan.  The  standard  plate  velocity  of  8  feet 
l>er  .second  was  used. 

The  friction  surfaces  consist  of  a  2  inch  diameter  by  0. 125  inch  thick  wheel  of  hardened 
steel  which  slides  across  a  2.25  by  6  inch  plate.  For  each  trial,  live  friction  wheel — which 
is  stationary — slides  1  inch  across  the  friction  phite. 

For  this  lest  series,  llte  standard  hardened  steel  friction  plate  was  replaced  with  plates  of 
the  same  dimensions  made  from  the  designated  materials;  woo<l,  concrete,  metal,  and 
transite. 
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3.3  ESD  Te.st 

The  apparatus  used  is  the  ABL  Electrostatic  Discharge  Tester.  It  uses  an  approaching 
gap  elecliwle,  and  operates  at  5.8  kilovolLs  with  12  different  capacitor  levels. 

The  sample  holder  is  a  0.25  inch  diameter  stainless  steel  pin  surrounded  by  a  teflon  ring. 

For  this  test  series,  individual  .steel  pins  were  supplied,  contaminated  with  various 
materials. 

4  Test  Procedures 

4.1  Impact  Test 

In  general.  SOP  P30981  is  the  procedure  used  to  test  materials  on  the  NOS  Impact  tester. 
Procedures  specific  to  this  test  plan  are  as  follows: 

4.1.1  Replace  the  standard  steel  anvil  with  the  supplied  contaminated  anvil  to  be  tested. 

4. 1 .2  Place  Ihe  standard  steel  striker  on  the  anvil  and  drop  the  weight  from  lOOO 
millimeters. 

4. 1 .3  Record  any  of  the  following  as  a  positive  reaction:  sparks,  flame,  smoke,  noise 
beyond  ambient  impact  noise,  bum  marks,  charring.  Record  the  type  of  reaction 
when  a  positive  occurs. 

4. 1.4  If  a  negative  reaction  occurs,  repeat  steps  4. 1 .2  and  4. 1 .3  until  1 0  negative 
reactions  are  recorded. 

4. 1 .5  After  the  lest,  remove  but  do  not  clean  the  anvil. 

4.2  Friction  Test 

In  general.  SOP  P30979  is  the  procedure  used  to  lest  materials  on  the  ABL  Friction 
tester.  Procedures  specific  to  this  test  plan  arc  as  follows: 

4.2. 1  Replace  the  standard  steel  friction  plate  with  the  supplied  contaminated  plate  to  be 
tested. 

4.2.2  Lower  the  steel  wheel  onto  an  untested  and  contaminated  area  of  the  plate  and 
pump  the  pressure  to  the  desired  level. 

4.2.3  Drop  the  pendulum  from  the  8  feet  per  second  position. 

4.2.4  Record  <my  of  the  following  as  a  positive  reaction:  sparks,  flame,  smoke,  noise 
beyond  ambient  friction  noise,  bum  mtuks,  ctnirring.  Record  the  type  of  reaction 
when  a  positive  occurs. 

4.2.5  If  a  negative  reaction  occurs,  reiieat  steps  4.2.2  through  4.2.4  until  20  negative 
reactions  tire  recorded. 

4.2.6  After  the  test,  remove  but  do  not  clctui  the  plate. 

The  pressure  on  the  plate  varied  de]sending  on  the  surface.  Metal  and  transitc  plates  were 
tested  at  980  psig,  which  is  the  maximum  pressure  used  on  this  friction  tester.  Concrete 
plates  were  tested  at  180  psig,  and  wood  plates  were  tested  at  100  psig.  These  lower 
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pressures  were  used  to  ensure  that  the  wheel  would  slide  across  instead  of  dig  into  the 
surface. 

When  a  reaction  occurred,  the  20  TIL  method  was  used  to  continue  the  test.  For  the  next 
trial,  the  pressure  was  changed  to  the  next  lower  level,  which  is  approximately  75%  of 
the  previous  level.  This  method  was  usetl  to  confirm  that  a  reaction  occurred,  and  to 
determine  an  energy  level  that  did  not  cause  a  reaction. 

4.3  I-ISI)  l  est 

In  general,  SOP  P30995  is  the  procedure  used  to  test  materials  on  the  ABL  Electrostatic 
Discharge  tester.  Procedures  specific  to  this  test  plan  are  as  follows: 

4.3. 1  Instead  of  the  standard  .sample  holders,  use  the  supplied  sample  holders  that  have 
removable  anvils. 

4.3.2  Place  an  untested  BSD  anvil  into  the  sample  holder  and  place  the  sample  in  the 
tester. 

4.3.3  Charge  the  0.5  microfarad  capacitor  (8.33  joules)  and  discharge  the  spark  into  the 
sample. 

4.3.4  Record  any  of  the  following  as  a  positive  reaction:  sparks  or  flame  beyond 
ambient  spark  discharge,  smoke,  noise  beyond  ambient  spark  di.scharge,  bum 
marks,  charring.  Record  the  type  of  reaction  wlicn  a  positive  occurs. 

4.3.5  Repeat  steps  4.3.2  through  4.3.4  until  all  20  anvils  arc  tested. 

When  a  reaction  occurred,  the  20  TIL  method  was  used  to  continue  the  test.  For  the  next 
trial,  the  capacitance  was  changed  to  the  next  lower  level.  This  method  was  used  to 
confirm  that  a  reaction  occurred,  and  to  determine  an  energy  level  that  did  not  cause  a 
reaction. 

5  Results 

5.1  Description  of  Results 

Refer  to  the  appendices  for  the  raw  data  from  eacli  individual  test. 

5.1.1  Impact  Tests 

None  of  the  impact  stunplcs  exhibited  any  reactions. 

5. 1. 2  Friction  Tests 

Only  one  of  the  friction  samples  exhibited  tiny  reactions,  and  that  is  NC  on  metal  at  750 
Hg/cm*.  Sparks  were  observed  at  980, 750.  560.  and  420  psig. 

5.1.3  BSD  Tests 

All  three  ESD  sample.s — AMMONIUM  PKrRATE,  NG,  and  .NITRONAL — had  reactions 
to  ESD,  but  only  small  reactions  were  observed  with  no  visible  change  seen  in  the  test 
specimens.  Tlte  reactions  were  either  a  yellow  flash  or  yellow  sptu'ks. 
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5.2  Results  Tables 
5.2.1  Impact  Test  Results 


Tabic  5.2.1  Impact  Te.st  Results 

Contaminant 

Substrate 

Concentration 

Result 

AMMONIUM  PICRATF. 

steel 

50  pg/cin' 

no  reactions 

75  fig/cm‘ 

iKi  reactions 

100 

nu  reoctiuns 

200  pg/cm'' 

no  reactions 

.500  pg/cm' 

no  reactions 

trunsite 

200  pg/cm^ 

no  reactions 

500  pg/cm^ 

no  reactions 

750  pg/cm^ 

no  reactions 

wood 

200  pg/cm'' 

no  reactions 

500  pg/cm' 

no  reactions 

750  pg/cm' 

no  reactions 

concrete 

200  pg/cm' 

no  reactions 

500  pg/cm' 

no  reactions 

750  pg/cm' 

no  reactions 

AP 

steel 

500  pg/cm' 

no  reactions 

transite 

200  pg/cm' 

no  reactions 

500  pg/cm' 

no  reactions 

750  pg/cm' 

no  reactions 

HBNQ 

steel 

750  pg/cm' 

no  reactions 

transite 

200  pg/cm' 

no  reactions 

500  pg/cm' 

no  reactions 

750  pg/cm' 

no  reactions 

concrete 

200  pg/cm' 

no  reactions 

500  pg/cm' 

no  reactions 

750  pg/cm' 

DO  reactions 

HMX 

steel 

750  pg/cm' 

no  reactions 

tiansilc 

200  pg/cm' 

no  reactions 

500  pg/cm' 

no  reactions 

750  pg/cm' 

no  reactions 

concrete 

200  pg/cm' 

no  reactions 

500  pg/cm' 

no  reactions 

750  pg/cm' 

no  reactions 
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NC 

sled 

500  )ig/cm'' 

no  reactions 

750  Mg/cm' 

no  reactions 

transitc 

200  )ig/cm'‘ 

no  read  ions 

500 

no  reactions 

750  pg/cm' 

no  reactions 

concrele 

200  Hg/cm' 

no  reactions 

500  ^g/cm' 

no  reactions 

750  ^g/cm^ 

no  reactions 

NG 

steel 

50  |ig/cm' 

no  reactions 

75  (ig/cm' 

no  reactions 

100  pg/cm^ 

no  reactions 

200||iiitec? 

no  reactions 

500  ^g/cm'‘ 

no  reactions 

tmnsitc 

200  pg/cm' 

no  reactions 

500  |ig/cm' 

no  reactions 

750  ^g/cm^ 

no  reactions 

wood 

200  |ig/cm'‘ 

no  reactions 

500  ^g/cm'' 

no  reactions 

750  ^g/cm' 

no  reactions 

concrete 

200  ^g/cm^ 

no  reactions 

500  pg/cii7 

no  reactions 

750  iigtem' 

no  reactions 

NITRONAL 

« 

steel 

50  ^g/cm'‘ 

no  reactions 

75  |ig/ctn' 

no  reactions 

lOOfig/cm' 

no  reactions 

200  fig/cm' 

no  reactions 

500 

no  reactions 

iransitc 

200  fig/cm'' 

no  reactions 

500  fig/cm' 

DO  reactions 

750  iig/cm' 

no  reactions 

wood 

200  iig/cm' 

no  reactions 

500  iigfcin' 

no  reactions 

750 

no  reactions 

concrete 

200  (ig/cm^ 

no  reactions 

500  iig/cm'' 

no  n»ictiuns 

750  |jg/cm'‘ 

no  reactions 

RDX 

steel 

500  iig/cin^ 

no  reactions 

transitc 

200  tig/cm^ 

no  reactions 

500  figtem''  1  no  reactions 

750  tigfcm'  no  reactions 
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TATB 

steel 

750 

no  reactions 

(ransile 

200 

no  rcnciions 

500 

no  reactions 

750  \ig/cm^ 

no  reactions 

concrete 

200  fig/cm^ 

no  reactions 

500  fig/cm' 

no  reactions 

750  Mg/cm' 

no  renciions 

TETTRYL 

steel 

750  tig/cm' 

no  reactions 

<ran$iie 

200  pg/cm' 

no  reactions 

500  fig/cm' 

no  reactions 

750  Mg/cm^ 

IK)  reactions 

concrete 

200  iigEcm^ 

no  reactions 

500  fig/cm' 

no  reactions 

750  |ig/cm' 

no  reactions 

TNT 

steel 

200  |ig/cin'‘ 

no  reactions 

transitc 

200  )ig/cin' 

no  reactions 

son  ligtem' 

no  reactions 

750  tig/cnt^ 

no  reactions 

5.2.2  Friction  Test  Results 


Table  5.2.2  Friction  Test  Results 

Contaminant 

Substrate 

Concentration 

Result 

AMMONIUM  PICRATC 

steel 

50  itg/cm^ 

no  reactions 

75 

no  reactions 

too  iig/cm^ 

no  reactions 

200  (ig/cin'‘ 

no  reactions 

500  Mg/cin^ 

no  reaction^) 

Iransite 

200  )ig7cni^ 

no  reactions 

SOO  )ig/cin^ 

no  reactions 

750  ^g/cm^ 

no  reactions 

wood 

200  pg/cm' 

no  reactions 

500  (ig/cnr' 

no  reactions 

750  Mg/cm^ 

no  rciiclions 

concrete 

200  |ig/cm^ 

no  reactions 

SOO  pg/cm' 

no  reactions 

750  pg/cm' 

no  reactions 
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AP 

sieel 

200 

no  reactions 

500 

no  reactions 

tmnsitc 

200  |ig/cm'‘ 

no  reactions 

SOO  |ig/cm' 

no  reactions 

750  iig/ciw' 

no  reactions 

HBNQ 

200  iig/cm' 

no  reactions 

iransiic 

500  iig/cnY‘ 

no  reactions 

750  iig/cm^ 

no  reactions 

HMX 

steel 

75  )ig/cm' 

no  reactions 

lOO  iig/ctn^ 

no  reactions 

200  iig/cni'‘ 

no  reactions 

uansilc 

SOO  iigAtm' 

no  reactions 

750  iig/cm' 

no  reactions 

200  iig/cm'‘ 

no  rcnciions 

concrete 

500 

no  reiictions 

750  iig/cm^ 

no  reactions 

NC 

steel 

750  iig/cm' 

REACTIONS;  sparks  ohserved 

200 

no  renciions 

transite 

500  iig/cm^ 

no  reactions 

750  fig/'cin^ 

no  reactions 

200itg/cm‘ 

no  reactions 

concrcic 

500  fig/cm' 

iw)  fcnciions 

750 

no  reactions 

NC 

50  fig/cm' 

no  reactions 

steel 

75  iig/cm' 

no  reactions 

I00|ig/cin'' 

no  reaettons 

200  pg/cm' 

no  reactions 

(rimsilc 

500  Mg/cin' 

no  reactions 

750  pg/cm' 

no  reticiions 

200  pg/cm' 

no  reactions 

wood 

500  pg/cm'' 

no  reactions 

750  pg/cm' 

no  reactions 

200  pg/cm' 

no  reactions 

concrete 

500  pg/cm' 

no  reactions 

750  pg/cm' 

no  reactions 
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NITRONAL 

steel 

50  tig/cm'‘ 

nu  reactions 

75  )ig/cm'‘ 

no  reactions 

lOfl  Mg/cm' 

no  reactions 

200  |ig/cin' 

no  reactions 

500 

no  reactioas 

Uansitc 

200  ^g/c^l'' 

no  reactions 

SCO  pg/ctn'^ 

no  reactions 

750  ^g/cm'‘ 

no  reactions 

wood 

200(ig/cnt^ 

no  reactions 

500  ^g/col^ 

no  reactions 

750  fig/cm' 

no  reactions 

conerete 

200  ^g/cin' 

no  rcaclioRs 

500  Hg/cm' 

no  reactions 

750  ^g/cm‘ 

no  react  ion<i 

RDX 

steel 

75  (ig/cm' 

no  reactions 

lOOng/cm' 

no  reactions 

transitc 

200  ^g/cIn' 

no  reactions 

500  fig/cm^ 

DO  reactions 

750  fig/cm' 

no  reactions 

TATB 

steel 

500  fig/cm' 

no  reactions 

transUc 

200  fig/cm'' 

no  reactions 

500  iigAtm' 

no  reactions 

750  tig/'cni‘ 

no  reactions 

concrete 

200  (ig/cm^ 

no  icaciions 

500 

nu  reaciiuns 

750  iigteni'' 

nu  rvuctiuns 

TETRYL 

steel 

75  |ig/cm‘‘ 

no  reactions 

100  |ig/cm^ 

no  reactions 

iraiisilc 

200  tig/cni'' 

no  reactions 

500  )ig/cm' 

no  reactions 

750  |ig/cm^ 

no  reactions 

concrete 

200|jg/cm^ 

no  reiKiiuns 

500  Mg/cin'‘ 

no  reactions 

750  pg/cm'' 

no  reactions 

TNT 

steel 

200  ^g/cni^ 

no  reactions 

500  (ig/cm'^ 

no  reactions 

transilc 

200  )igA:m' 

no  reactions 

500  pg/ctn' 

no  reactions 

750  pg/cm^ 

no  reactions 
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5.2.3  ESI)  Test  Results 


Table  5.2.3  ESD  Test  Results 

CunUmiinunl 

Substrate 

Concentration 

Result 

AMMONIlfM  PICRATE 

50  pg/cro' 

reactions  * 

steel 

75  fjg/cm' 

reactions  * 

too  ug/cm' 

reactions  * 

NG 

.50  pg/cm' 

reactions  * 

steel 

75  (jg/cW 

reactions  • 

lOOpg/cni^ 

reactions  * 

NITRONAL 

50  pg/cm' 

reactions  * 

steel 

75  pg/cm^ 

reactions  * 

too  pg/cm^ 

reactions  * 

*  Small  >’cllow  spaiks  and  flashes  were  observed  in  addilion  lo  ihc  normal  spark  discharge,  but  no 
visible  changes  were  seen  in  Ihc  test  speciiivens. 


6  Conclusion 

Friction  testing  yielded  only  one  material  with  reactions — NC  on  metal  at  750ng/cm^. 
This  material  should  receive  further  investigation.  It  is  possible  that  a  larger 
concentration  or  some  contaminant  could  have  affected  the  results. 

All  BSD  tests  yielded  reactions,  but  these  results  do  not  indicate  a  sensitivity  to 
electrostatic  discharge.  The  reactions  described — yellow  sparks  and  yellow  flash — can 
be  achieved  by  a  minute  quantity  of  material  reacting  lo  the  discharge.  Tlie  lack  of  any 
visible  change  lo  llu:  lest  llvture  indicates  that  the  reaction  was  minor,  and  did  not 
propagate  across  the  surface  of  the  fixture.  Testing  the  Fi5D  anvils  for  concentration  of 
remaining  materials  can  confirm  the  amount  of  material  consumed  in  the  lest. 
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Ser  350DR/293/dr 
2  October  2003 


memorandum 

From:  Stove  Sullivan  350 
To:  Paul  Wallman  370PW 

Subj:  SENSITIVITY  TESTING  FOR  NG  CONTAMINATED  STEEL  PIRATES 
Ref;  (a)  Request  by  P.  Wallman.  Code  370PW  on  30  September  2003. 


1.  Steel  ABL  friction  plates  contaminated  with  the  following  materials  were  tested 
for  friction  sensitivity; 


contaminant 

^concentration 

results 

NG 

75  pg/cm2 

sparks  (at  S80, 

NG 

50  pg/cm2 

sparks  (at  Sdo. 

NG 

25  tig/cm2 

no  reactions 

NG 

10  pg/cm2 

no  reactions 

750,  560.  420.  31S,  235,  and  180  psig) 
750.  560.  420.  315.  and  23S  psig) 


2.  The  tests  were  completed  on  October  1  and  September  11,  2003.  Testing  was 
conducted  at  NSWC  Indian  Head,  in  the  Hazard  Characterization  Lab.  Building 
888. 

3.  If  there  arc  any  questions,  please  call  the  Hazard  Characterization  Group  at 
301-744-4109  or  send  a  FAX  at  301-744-4116. 


Steve  Sullivan.  Code  360 

checked  &  certified  by  Daniel  Remmcni 
cc  350DR 
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ABL  FRICTION  TRST 


sample  name:  NG  contaminalcd  Steel 
sample  ID:  75  pg/cin2 
sampio  prep:  residue 
tequosier.  Lisa  AlitWaul  Wallrnan 
operator  T.  Tolson 


date: 
temperature: 
relative  humidlly: 


9/1 1/03 
23  <C 
35  % 


paig  t  23456789  10  tt  12  13  14  15  16  17  18  19  20 _ comments 


980 

1 

- 

sparks  1 

750 

1 

sparks 

560 

0 

0 

0 

0 

0 

0 

1 

sparks 

420 

1 

sparks 

315 

1 

sparks 

235 

0 

0 

0 

0 

0 

0 

1 

sparks 

180 

1 

sparks 

135 

0 

0 

0 

0 

0 

0 

0 

100 

75 

55 

40 

30 

1 

1  =  positive  reaction  (fire)  The  threshold  IniHallon  level  (TIL)  is  the  tevol  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  the  next  higher  level. 

Tested  on  ABL  Iridion  tester;  at  6  ft/sec,  with  steel  wheels 
20  TIL  Friction;  0  psig  and  steel  anvils,  in  bulkiing  888  room  104 
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ABL  FRICTION  TEST 


sannple  name:  NCi  COnlDlllinalcd  Sled 
sample  ID:  50  ng/cm2 
sample  prep:  residue 
roquostor:  Lisa  Aliff/Paul  Wallman 
operator:  T.  Tolson 


date: 
temperature: 
relative  humidity: 


9/1 1/03 
23  -C 
38  % 


pSlQ  12  3  4  5  6  7  8  9  10  11  12  13  14  IS  16  17  IB  19  20 _ comments 


980 

0 

0 

1 

spark 

750 

0 

0 

0 

0 

0 

0 

1 

sparks 

560 

I 

sparks  | 

420 

0 

0 

0 

0 

0 

0 

1 

sparks 

315 

1 

sparks 

235 

0 

0 

0 

1 

spaik 

180 

0 

0 

0 

0 

135 

100 

75 

55 

40 

30 

1  =  positiv©  reaction  (fire)  The  threshold  Imtlallon  level  (TIL)  IS  Ihe  level  at  which  20  negatives 

0  =  negative  reaction  (no-fire)  are  observed  with  at  least  one  positive  at  Ihe  next  higher  level. 


20  TIL  Friction:  0  psig 


Tested  on  ABL  fricllon  tester;  at  8  (t/$ec,  with  steel  vrheels 
and  steel  anvils,  in  buiiding  888  room  104 
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8000 

Ser  3l0JT'’S3''jtH 
16  December.  2002 


MEMOR.\NDLM 

From;  310J  I' 

To:  370LA  (Lisa  AlifT) 

Via:  310 

Subj:  UNIFORMITY  STi:iDY  OF  HMX  CONTAMINATED  FRICTION  PLATES 

(.T)  Memo  370LA.'96i'1la  did  Ocl.  02 

(b)  Testing  Plan  (HMX2.doc)  transmitted  by  email  on  5  Nov.  2002 

(c)  Memo  370L.A.'97/lla  dtd  Oct.  02 

1 .  At  >‘Our  request,  tcfcrcncc  (aj.  a  unilbmuty  of  contamination  study  was  performed  on  thrce  friction  plates 
contaminated  at;  5(K)  ug.''cm'.  100  ug.'cm’.  and  50  ug'em^  A  general  testing  plan  and  cost  estimate  for  the 
effort,  reference  (b)  -  HMX2.doc.  was  provided  by  email  on  November  5,  2002.  The  study  was  convicted  13 
December,  2002;  this  MEMO  serves  as  the  olficial  reporting  of  tl>c  results  obtained. 

2.  The  three  friction  plates  used  in  the  unifomiity  of  contamination  study,  shown  below,  were  previotisly  prepared 
by  a  separate  analyst,  per  reference  (c). 


The  white  crystals  of  H.MX  can  be  visually  seen  on  the  500  ug''cm’,  1<X)  ug''em‘,  and  to  some  degree  on  the  50 
ugi'enr  plate.  This  visual  inspection  provides  a  quick,  initial  indication  of  the  degree  of  uniformity  of 
contamination  across  the  marked  ofl' areas.  A  more  detailed  surface  analysis  using  recently  acquired  imaging 
soflwate  will  follow  as  potential  explanation  for  the  analytical  results  obtained  in  this  study. 
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Subj:  UMFORMITV  STUDY  OF  IIMX  CONTAMINATED  FRICTION  PLATES 

3.  As  outlined  in  the  proposed  testing  plan,  seven  (7)  samples  were  to  be  removed  from  each  I'nction  plate:  five 
(5)  samples  from  the  contuminaled  areas  marked  in  black,  and  two  (2)  samples  from  the  unconlaminated  areas 
immediately  above  and  below  the  marked  ofT  rectangles.  A  sampling  template,  shown  below,  was  provided  by 
code  370  to  identify  and  isolate  the  positions  of  interest  Operationally,  the  template  was  placed  over  each 


friction  plate,  as  illustrated  above.  The  template  was  carefully  cleaned  with  organic  solvent,  acetonitrile,  after 
each  use  to  prevent  cross  conlatmnalion.  A  dimensional  analysis  of  each  openings  on  the  template,  using  a 
digital  caliper,  revealed  an  average  diameiei  of  1.274  cm  (StdDcv  =  0.006  cm),  and  thus  a  calculated  aiea  of 
I.2S  cm’.  This  calculated  area  will  be  irsed  later  to  dctemiine  the  levels  of  IIMX  contamination  in  ug'enr. 


4.  Originally,  it  wus  proposed  lliat  samples  from  each  test  block  be  removed  using  a  minimum  of  ihicc  sampling 
swabs  saturated  with  a  solvent  capable  of  removing  the  HMX.  presumably  acetonitrile  ( ACN).  The  three 
swabs  would  then  be  transferred  to  a  single  scintillation  vial  and  extracted  with  10-15  milliliters  of  ACN.  Once 
extracted,  the  resulting  solutions  will  he  filtered  through  a  0.45  um  filter  into  IIPLC  auto  sanqslcr  vials,  and 
analyzed  by  I  ligh  Performanec  Liquid  Chromatography  (HPLC). 


Prior  to  utilizing  this  propo.scd  sampling  protocol  on  actual  test  samples,  the  procedure  was  evaluated  on 
surfaces  contaminated  with  HMX  at  500  ug'em’,  100  ug'cmT  and  50  ug'Cnr  levels.  Since  an  uncontaminated 
friction  plate  was  not  available,  watch  glasses  were  selected  to  simulate  the  smooth  surface  of  the  friction 
plates.  Contamination  at  tlic  500  and  lOO  ug'cm’  levels  were  made  by  adding  250  ul  and  50  ul  of  a  freshly 
prepared  2.016  ug'ul  HMX  stock  solution  to  each  watch  glass  surface,  respectively.  Contamination  at  the  50 
ug  em"  level  was  made  by  the  addition  of  50  ul  of  a  1.030  ug'ul  H.MX  slock  solution  to  the  watch  glass. 


As  proposed,  HMX  was  removed  from  each  watch  glass  using  three  (3)  sampling  swabs  saturated  with  ACN. 
Tile  three  swabs  were  subsequently  transferred  to  a  single  scintillation  vial  and  precisely  15  milliliters  of  ACN 
was  added  by  a  previously  calibrated,  class  A.  pipette  In  addition  to  samples  from  the  contaminated  surfaces, 
procedural  blanks  consisting  of  three  clean  swabs  were  also  prepared  to  identify  any  potential  H.MX 
coniamination  in  the  procedure  (swabs  or  solvent)  and  interferences  to  the  analysis.  The  ILMX  was  extracted 
from  the  swabs  by  gentle  ultra-sonicalion  for  thirty  (30)  minutes.  The  extracted  solutions  were  then  filtered 
through  a  0.45  um  filter  into  HPLC  auto  sampici  vials  and  placed  in  the  IIPLC  for  analysis. 
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Subj:  L  NH'OR-MITY  STUDY  OF  IIMX  COKTAMfNATED  FRICTION  PLATES 


Ilie  rcsulU  from  tins  preliminary  evaluation  are  summarized  below: 


HMX(21Snm) 

HMX  (230  nm> 

Injoctlon 

area 

height 

area 

hoight 

5.74 

5.68 

5.63 

5.66 

6.72 

5.67 

5.62 

5.65 

ave 

- m!24 

110.11 

“10'9!2'1 - 

'"I'OtfSir""  “ 

X’ 

C.OC 

0.00 

U.OU 

O.UO 

0.00 

0.00 

0.00 

0.00 

ave 

- OjOO 

0.00 

0.00 

- lOTJ - 

X2 

0.00 

0.00 

000 

O.UO 

0.00 

0.00 

0.00 

0.00 

ave 

- TOJ - 

0.00 

- mjD - 

0.00 

: — 5<3 — 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

avd 

0.00 

0.00 

O.OCf - 

O.UO 

: — sHn — ; 

443.47 

444.67 

44b.b4 

446.01 

515 

443.24 

439.92 

440.27 

439.63 

ave 

86.09 

85.90 

S6TB - 

- BKB8 - 

'  55T 

89.05 

86.75 

87,96 

100.5 

92.99 

89.76 

88.67 

88.70 

ave 

- B2W 

88.70 

““88.00 

88.33 

SPK3 

49  56 

46.72 

4b.yo 

45.73 

51.4 

46.87 

46.03 

45.35 

45.74 

jrM 

93.80 

90.27 

"88.76 

88.98 

5.91 

5.76 

o.bb 

i>.6y 

5.60 

5.62 

5.62 

5.64 

ave 

•••  tVl/O' 

110.49 

109:37 — 

- mT52 

SPK  1  =  85.9 

SPK  2  =  88.7 

SPK  3  =  90.3 

Average  Recovery  =  89.4 

As  can  be  seen,  the  procedural  blanks  (XI,  X2,  ami  X3)  did  not  show  any  HMX  contamination,  and  thete  were 
no  signilicant  interferences  observed  in  llie  elitomatographic  field.  The  average  recovery  for  the  spikes  at  515 
uft'crn’.  100.8  ug'Cnr,  and  51 .4  ug'cm’  (SPK I,  SPK  2,  and  SPK  3,  respectively)  was  appro.xitrately  89.4  %. 
An  observation  made  during  the  test  extractions,  namely  that  ACN  from  the  sanirated  swabs  tended  to  wick 
away  from  the  swab  and  pool  on  the  watch  glass  .surface,  might  provide  some  explanation  for  the  low 
recovery.  Althougli  the  swab  was  always  capable  of  reabsorbing  the  solvent,  I  IMX  could  potentially  have 
been  dispensed  by  lliat  process. 

In  order  to  address  the  issues  above,  the  following  changes  were  made  to  the  sample  extraction  procedure. 
First,  four  (4)  sampling  swabs  would  be  used  for  all  future  extractions  rather  than  three  (3).  Second,  each 
sanirated  swab  would  be  blotted  on  a  clean  CliemWipe  to  remove  excess  solvent  prior  to  its  use.  These 
changes  incrca.scd  the  average  recovery  of  spiked  samples  to  approximately  94.9  %.  TIic  spceific  resulu  arc 
tabulated  in  paragraph  6,  along  with  the  results  for  the  individual  lest  plates. 
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Subj:  UNIFORMITY  STUDY  OF  IlMX  CONTAMINATED  FRICTION  PIJVTF-S 


High  Pcrt'ormance  Liquid  CJmimalography  (HPLC)  was  used  to  evaluate  the  HMX  content  of  the  extracted 
samples.  The  specific  anul)lical  conditions  aie  given  helow; 


-  HP  1 1 00  scries  Liquid  Chromatograph  w'PDA 

-  Auto  Injector  1 0  ul  injection  volume 

-  Restek:  Allure  CIS  $  um,  250  x  4  mm,  analytical  column 

-  40:60  ACN.'FI20  Mobile  phase  at  I  ml'min  flow 

-  Column  Oven  at  35  degrees  centigrade 

L'V  detector:  2l  5  tun  and  230  nrn;  PDA  .scan  from  1 90  nm  to  600  ran. 


A  sample  chromatogram  is  provided,  the  peak  at  S.3  mimiles  is  HMX. 


Prior  to  the  analysis  of  the  test  specimens,  the  analylical  method  was  validated  across  the  aiiticipated 
coiKenlratinn  range  of  die  samples  ( 1  ppm  to  200  ppm):  six  (6)  analytical  standards  prepaied  at  roughly  200, 
I OO,  50.  1 0, 5,  and  1  ppm  were  introduced  into  the  chromatographic  system.  The  figuie  below  illustrates  that 
ihc  relationship  hetween  HMX  conccnnation  and  height  response  at  a  wavelength  of  215  nm  is  linear  across 
the  expected  coneentratioas  range. 


HMX  Cone.  v»  ftoopOM# 
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Subj;  UNU'ORMnT  STUDY  OF  HMX  CONTAMINATED  FRICTION  PL.A1ES 


The  C  value,  an  indieaior  of  the  degree  of  correlation  between  two  data  sets,  was  delemiined  to  he  0.99996765. 
it  should  be  noted  ilial  an  r  value  of  1 .000000  denotes  a  pcrtecl  conelation. 


6.  With  the  sampling  technique  and  analytical  method  validated,  the  500  ug'em’,  100  ug''cm^  aixl  50  ug'cm' 
friction  plates  were  extracted  and  analyard.  The  linearity  of  the  method  was  again  verified  acioss  the 
anticipated  concentiation  range  u.sing  the  six  (6)  analytical  standards,  previously  prepared.  Duplicate 
injections  of  each  standard  were  made  at  both  the  beginning  and  end  of  the  analytical  run.  TIte  average  of  the 
four  determinations  was  used  to  establish  the  concentration  curve,  shown  below,  as  well  as  the  respon.se  factor 
used  for  the  .sample  calculations. 


MMX  Cone.  Rnkp**'*** 


It  should  be  noted  that  the  average  responses  for  each  standard  did  not  deviate  signitkamly  from  the  previous 
run,  and  the  newly  obtained  r  vTilue  of  0.9999480  imlicates  that  linearity  was  conserved. 

Within  the  total  tun.  each  friction  plate  was  aialy/ed  as  its  own  unique  analytical  batch.  In  this  particular  case, 
an  analytical  batch  consisted  of;  a  procedural  blank,  a  method  spike,  and  all  seven  (7)  samples  taken  from  a 
single  test  plate.  In  addition  to  the  initial  linearity  clieck  for  the  total  run.  analytical  check  standards  were  run 
at  the  beginning,  in  the  middle,  and  at  tlie  end  of  each  batch  of  samples  to  verify  that  the  relationship  between 
instrument  response  and  IIMX  concentration  remained  constant.  All  check  standards  agreed  within  3.0  %  of 
the  true  value,  and  in  no  cases  were  more  tlian  ten  (10)  injections  made  between  check  standards. 
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Subj:  UNITORMin'  STWY  OF  HMX  CONTAMINATED  I  RIO  ION  PLATE5 
The  lesult^  of  l}>e  analysis  arc  summarized  in  the  tabic  below. 


Sample 

HMX  (uQ/cin2) 

HMX  (u9/cm2) 

HMX  (ug/cm2) 

Method  Blank 

Spike 

0 

483  or  93.8  % 

0 

96.5  Of  95.7  % 

0 

49.9  or  96  8% 

Sampling 

Position 

HMX  (ug/cm2) 

500  iig/cm2  Plate 

HMX  (ug/cm2) 

100  ug(cm2  Plate 

HMX  (ug/cm2) 

50  ugfcrTi2  Plate 

X1 

<  1.5 

0 

0 

1 

65 

13 

8 

2 

43 

18 

8 

3 

50 

22 

8 

4 

86 

18 

9 

5 

50 

12 

3 

X2 

0 

0 

0 

Average 

59 

17 

7 

Standard  Dev. 

17 

4 

2 

"ARDS 

29% 

24% 

29% 

7.  Al  first  glance,  two  observations  regarding  the  data  are  appaicnt.  First,  the  results  obtaiiKd  are  consistently 
and  significantly  lower  than  the  expected  values:  500  ug'‘cm^  100  ug.'cm',  and  50  ug'em".  Second,  there  is 
notable  variation  in  H.MX  concentration  between  the  five  positions  sampled  within  a  single  contaminiited  plate. 

Explanation  for  the  lower  than  expected  values  can  he  found  in  the  initial  contamination  of  the  three  friction 
plates:  a  careful  review  of  available  laboialory  records  revealed  an  error  in  the  initial  contamination  process. 
Records  showed  that  the  slock  solution  of  HMX  used  to  contaminate  the  plates  was  prepared  by  dissolving 
0.3731  grams  of  H.MX  in  100  ml  of  oiganic  solvent,  resulting  in  a  3.731  ug'ul  solution.  Subsequently  575  ul, 

1 15  uL  and  57.5  ul  of  slock  solution  was  applied  to  the  marked  off  areas  of  the  500  ug'cirr,  100  ug''cm^  and  50 
ug'cm’  plates,  respectively.  According  to  calculations: 

[(Concentration  of  Stock  Sol'n)*!  Volume  of  Slock  .AppliedlMlVolume  of  Contaminated  Area)] 

[<3.73 1  ug'ul)*(S75  ul)h[(39.8  cm2))  =  54  ug/em^ 

the  true  or  actual  contamination  levels  of  the  plates  provided  for  the  uniforaiity  study  were:  54  ug'Cin',  1 1 
ug'cm’,  and  5.4  ug'cm’.  As  you  will  notice,  these  values  agree  more  closely  with  the  experimentally 
determined  values. 
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Subj:  UNIFORMI'H'  STUDY  OF  HMX  COM  AMINATED  FRICTION  PLATES 

Possible  explanation  for  the  variability  observ  ed  in  llie  study  can  be  found  in  a  more  detailed  look  at  ll>e 
contaminated  plates  themselves.  As  noted  in  paragraph  2,  visual  inspection  provides  the  first  indication  of 
non-unifomiity  of  explosive  contamination  across  the  designated  test  areas.  'ITiis  is  most  prominent  in  the  500 
ugi'cm’’  friction  plate.  A  detailed  surface  analysis,  utilizing  imaging  software,  provides  a  slightly  more 
quantitative  picture  of  this  phenomenon.  As  shown  below,  the  imaging  software  is  able  to  identify  the  white 
crystals  of  HMX  (shown  in  red)  and  provide  a  density  map  based  on  color  intensity  (histogram,  shown  in 
green). 


As  interpretation,  areas  with  peaks  protruding  out  of  the  plane  on  the  relief  map  correlate  with  stronger  eolor 
intensities,  and  thus  higher  concentrations  of  HMX.  Although  without  extensive  calibration  this  technique  is 
semi-quaniilativc  at  besL  locating  the  extracted  areas  on  the  density  map  (blue  circles)  docs  provide  some 
insight  into  the  variability  in  HMX  concentration  ohseived  on  the  500  ug'em’  test  plate.  As  an  example, 
sample  position  two  (2)  -  the  second  circle  from  the  tight  is  located  in  an  area  with  less  HMX,  according  to  the 
relief  map.  than  sample  position  four  (4).  Tliis  agrees  with  the  cxperirrtcntal  results:  SN  2  43  ug''cm2  and 

SN  4  =  86  ug''cm2. 


In  a  similar  fashion,  a  closer  look  at  tlie  100  ug'cm'  and  50  ug'cm*  friction  plates,  also  offers  plausible 
explanation  for  the  experimental  results  obtained.  For  example,  although  the  HMX  contamination  on  these 


I 


13  ug''cm’ 

IS  ug'cm' 
22  ug'em' 

18  ugi'cnr 

12  ug'cm' 


I 


8  ug'cm’ 

9  ug'cm’ 
3  ug'cm’ 
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Subj:  LNlFORNilTY  STUDY  OF  HMX  CONTAMINATED  FRICFION  PLATES 

t»x>  plates  appeals  mnre  uniform  tlian  observed  on  the  500  ug'cm'  plate,  it  does  not  appear  to  be  distributed 
across  the  entire  marked  off  area.  If  this  is  in  deed  the  case,  a  ver>'  crude  estimation  reveals  that  only  about  60 
%  of  the  total  area  marked  off  on  the  100  ug.'ctn’  plate  would  be  contaminated  with  HMX  (S0%  for  die  50 
ug''cm2  plate).  This  would  increase  tlic  H.MX  concentration  at  the  points  of  contamination  on  tlie  100  and  50 
ug'cm’  plates  from  a  previously  calculated  1 1  ug,'cm’  and  5.4  ug.''cm‘  to  approximately  18  ug.'cni’  and  7 
ugi'ctn\  respectively.  In  addition,  based  on  the  location  of  the  extracted  samples,  high  lighted  by  red  circles, 
the  HMX  concentrations  obtained  for  positions  I  and  5  on  the  100  ugi’ctn'  plate  aivj  position  5  on  the  50 
ug''cm’  plate  should  be  lower  than  the  other  sampled  positions.  Both  are  consistent  with  the  experimental 
results. 

8.  If  you  have  any  tunher  questions,  please  contact  James  Thomasson  at  4I59''4SI2. 
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